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1 BA C K G ROUND AND RATIONAL E 

 
1.1 Overview of Pulmonary Hypertension 

 
Pulmonary arterial hypertension is an uncommon disease with a devastating clinical 
course.  It is characterized by progressive increases in pulmonary artery pressure and 
pulmonary vascular resistance, ultimately producing right ventricular failure and death.  
 
Pulmonary arterial hypertension (PAH) is defined by the World Health Organization as 
an elevated pulmonary arterial pressure due to intrinsic pulmonary vascular disease.1  
PAH includes primary pulmonary hypertension (PPH) either sporadic or familial or PAH 
secondary to: collagen vascular disease, congenital systemic-to-pulmonary shunts, 
portal hypertension, infection with human immunodeficiency virus, drugs, toxins or 
persistent pulmonary hypertension of the newborn. 
 
Estimates of the incidence of PPH ranged from 1 to 2 cases per million people in the 
general population.2,3  The recent increased use of anorexiants in the United States has 
been correlated with an increase in incidence of patients with PPH.2  Since PAH has 
only been recently described, there are no detailed estimates available as to the exact 
prevalence of PAH, although a global approximation of 50,000 patients is not 
unreasonable. 
 
PAH can present at any age, depending on the underlying disorder.  Patients with PPH 
are generally between 20 and 40 years of age, while those patients presenting with 
pulmonary hypertension associated with sleep apnea are generally between 40 and 70 
years old.  PAH is not gender specific; PPH occurs predominantly in females, and 
gender distribution in other forms of PAH reflects the underlying disorder. 
 
The major obstacles to establishing a clinical diagnosis early in the course of the disease 
are the non-specific nature of the symptoms and the subtlety of the signs of less 
advanced disease.  There are no signs or symptoms diagnostic for PAH.  Accordingly, 
additional testing is required to establish the diagnosis.  Non-invasive tests such as 
roentgenograms, electrocardiograms (ECGs), echocardiograms and computed 
tomograms are helpful but not definitive in establishing the diagnosis.  Invasive tests 
including angiography and cardiac catheterization are used to establish the diagnosis. 
 
The principal diagnostic hemodynamic criteria for PAH are: (1) mean pulmonary artery 
pressure (PAPm) > 25mm Hg at rest or > 30 mm Hg on exercise, (2) pulmonary vascular 
resistance (PVR) ≥ 3 mmHg/L/m2, and (3) mean pulmonary capillary wedge pressure 
(PCWPm) or left ventricular end-diastolic pressure < 15 mmHg.4  These criteria, together 
with echocardiographic evidence of right ventricular hypertrophy or dilation, normal left 
ventricular function and absence of mitral stenosis, have been applied in the pivotal 
clinical trials for treprostinil for patient selection. 
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The clinical features of PAH are dominated by dyspnea, exacerbated with exercise, and 
symptoms of fatigue and weakness, chest pain with or without an exertional element, 
dizziness, syncope, orthopnea and hemoptysis are also well described.  As the duration 
and severity of the condition increases, right ventricular dysfunction and ultimately heart 
failure will occur with consequent edema and other features of heart failure.4,5   The 
physical signs in patients with PAH reflect the pulmonary hypertension and right 
ventricular hypertrophy, hypoxemia and right heart failure.   
 
Data from the National Registry for Primary Pulmonary Hypertension in the United 
States indicates that survival was related to the patients New York Heart Association 
(NYHA) Classification at the time of entry into the registry.  Median survival for NYHA 
functional Class I or II was 58.6 months compared with 31.5 months for functional Class 
III and only 6 months for Class IV patients.6   Death is usually due to advanced right 
ventricular failure or to a thromboembolic event.3   
 
1.2 Current Therapy for Pulmonary Arterial Hypertension 
 
PAH is an incurable disease.  The goal of therapy is to relieve symptoms and improve 
survival.  Standard therapies are generally either unproven or have minimal clinical data 
to support their use.  Current medical therapy includes oral vasodilating agents, such as 
calcium channel blockers, inotropic agents, such as digitalis, to improve right ventricular 
performance, and anticoagulants, such as warfarin, to reduce thrombotic lesions.  
Supplemental oxygen is frequently used in patents with severe PAH, especially in the 
presence of hypoxemia at rest or during exercise.  Atrial septostomy as a bridge to 
heart-lung and single and double-lung transplantation may represent an alternative for 
selected patients with severe PAH, though the disease process appears to be 
unaffected by the procedure.   
 
Epoprostenol, prostacyclin, is the only approved therapy for the treatment of patients 
with PAH, specifically PPH and PAH associated with scleroderma.  Both indications are 
based on studies in patients who were NYHA functional Class III or IV that evaluated the 
effect of epoprostenol over 12 weeks duration; exercise capacity as assessed by an 
unencouraged 6-minute walk test was the primary endpoint for both studies.  Continuous 
intravenous (i.v.) infusion of epoprostenol was shown to improve exercise capacity, 
cardiopulmonary hemodynamics, signs and symptoms of disease and quality of life in 
patients with PAH.7,8   These findings were based on randomized, but open-label trials 
that were not placebo controlled.  
 
The underlying mechanism(s) of action of the chronic effects of epoprostenol is unknown 
and is likely multifactorial.  Nevertheless, the use of epoprostenol, or structural 
analogues of epoprostenol, as a treatment for PAH is supported by the demonstration of 
an imbalance of thromboxane, a potent pulmonary vasoconstricting agent, and 
prostacyclin in patients with PPH, and the demonstration of a reduction in prostacyclin 
synthase in the pulmonary arteries of patients with PPH.   
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Though epoprostenol is accepted as mainstream treatment for of severely ill NYHA 
Class III or IV patients, epoprostenol therapy has several critically important limitations.  
Epoprostenol has a very short elimination half-life of several minutes, is unstable at room 
temperature and neutral pH, and must be administered continuously through a 
permanently indwelling central intravenous catheter.  The very short half-life leaves 
patients susceptible to life-threatening complications from brief interruptions in drug 
delivery, sudden reductions in dosage, loss of infusate potency or withdrawal of therapy.  
In such circumstances patients may develop symptoms associated with rebound 
pulmonary hypertension, and deaths have occurred as a result.  In addition, the central 
intravenous line serves as a source both for thromboembolic events and sepsis, both of 
which occur in patients treated with epoprostenol and both of which have resulted in 
death; the infusion site is also subject to infection.  Moreover, not all patients are capable 
of managing the sterile set-up, reconstitution, and administration of epoprostenol on an 
ongoing basis.  Finally, long-term treatment with epoprostenol is frequently associated 
with peripheral pain syndrome (particularly of the limbs) that may require treatment with 
opiates. 

 
1.3 Rationale for Development of Treprostinil 
 
Treprostinil, a stable structural analogue of epoprostenol, was developed for continuous 
subcutaneous (s.c.) administration to treat patients with PAH.  It possesses a similar 
hemodynamic profile but has a longer elimination half-life than epoprostenol.  Both 
treprostinil and epoprostenol act directly on the pulmonary and systemic arterial vascular 
beds causing vasodilation.  Treprostinil also inhibits platelet aggregation in a manner 
similar to epoprostenol and is thought to have similar cytoprotective activity.   
 
Importantly, however, as compared with epoprostenol, treprostinil has some important 
advantages: it is chemically stable at room temperature and neutral pH and has longer 
plasma elimination half-life (approximately 3 hours when administered s.c.).  The longer 
half-life and chemical stability of treprostinil permits treprostinil to be administered in 
clinical practice by continuous subcutaneous infusion rather than by continuous 
intravenous infusion, thereby avoiding the need for permanent central intravenous 
catheter and completely eliminating the risk of potentially life-threatening septicemia 
and/or thrombosis related to the central venous catheter.  The longer half-life of 
treprostinil also decreases the risk of rapid deterioration or clinical rebound associated 
with temporary interruptions of the infusion.  Finally, treprostinil does not require the 
reconstitution of the solution nor refrigeration allowing the use of a microinfusion device.  
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2 DEVELOPMENT OF T R EP RO STINIL 

 
2.1 Description of Treprostinil 

 
 

Nonproprietary (generic) name:  treprostinil sodium 
 
Trade name:  Remodulin  Injection 

 
Structural Formula 

 

OCH2CO2

H

H

OH

OH

Na  
 

Molecular Formula 
 
C23H33NaO5 
 
Molecular Weight 
 
412.49 
 

 
Remodulin Injection is formulated as a sterile solution packaged in multiple dose flint 
glass vials in concentrations of 1.0 mg/mL, 2.5 mg/mL, 5.0 mg/ml, and 10.0 mg/mL.   
 
Remodulin is delivered via continuous subcutaneous infusion.  Either MiniMed Model 
506 or 407C pump (California, USA), originally designed for subcutaneous infusion of 
insulin, is used for the administration of Remodulin Injection. Remodulin Injection is 
dispensed from a polypropylene reservoir (i.e. a syringe without a needle) with a Teflon 
impregnated silicone O-ring.  The drug is delivered at a programmed rate from the 
reservoir into the subcutaneous tissue by means of a PVC catheter with a High Density 
Polyethylene lining and a soft Teflon catheter tip (Sof-Set  Infusion Set).  The MiniMed 
Inc. Drug Delivery System is distributed widely in the USA.
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2.2 Preclinical Pharmacology and Toxicology 
 
Pharmacology studies have demonstrated that treprostinil elicits concentration-
dependent vasodilation and inhibition of ADP-induced platelet aggregation, as would be 
expected of a prostacyclin analogue.  Treprostinil was somewhat less potent than 
epoprostenol, both as an antiaggregant and as a vasodilator.  
  
The toxicology of treprostinil has also been extensively evaluated in a series of in vitro 
and in vivo genetic toxicology studies, reproductive toxicology studies in rats and rabbits, 
and single and repeated dose studies using the oral, intravenous and subcutaneous 
routes of administration.  Continuous (up to 6 months) subcutaneous infusion in 
toxicokinetic studies also has been conducted in rats, dogs and rabbits. Toxicological 
findings were generally attributable to the pharmacological actions of treprostinil and 
were reversible. Treprostinil was not mutagenic or clastogenic in in vitro and in vivo 
genetic toxicology assays. 
 
 
2.3 Summary of Clinical Development 
 
This document summarizes the clinical experience from the administration of treprostinil 
to 843 patients or healthy volunteers in 15 clinical studies.  Of these, 743 subjects with 
PAH were enrolled in 6 clinical studies, including both acute and chronic administration, 
in the treprostinil PAH development program (Table 2.3); the long-term safety database 
includes 631 patients with PAH.  Pilot studies of acute administration of treprostinil in 
patients with congestive heart failure, critical limb ischemia, and portopulmonary 
hypertension have also been conducted but will not be summarized. 
 

Table 2.3:  Overview of All Clinical Studie s 
 

 
Protocol # 

 
 

Study 
Design 

 

 
 

Indication 
 

 
Number 

of 
Subjects 
Treated 

 
Dosage of  

Treprostinil 
 

Treatment Duration 

Clinical Pharmacology 

P01:01 Ac, OL 

 
NYHA Class III/IV PPH 

comparison of epoprostenol to 
treprostinil 

14 
 

i.v. 5 ng/kg/min to 
MTD Dose-escalation 

 
P01:02 

 
Ac, OL 

 
NYHA Class III/IV 

dose escalation by cohort 
 

25 

 
i.v. 10 ng/kg/min 

s.c. 5, 10, 20 
ng/kg/min 

 
525 min 

 
Pharmacokinetic Studies 

P01:07 Ac, OL 
Crossover 

Bioavailability in Healthy Human 
Volunteers 15 

i.v. 15 ng/kg/min 
s.c. 15 ng/kg/min 

 
150 min each 

P01:08 Ac, 
Crossover 

Acetaminophen Interaction in 
Healthy Volunteers 29 

s.c. 15 ng/kg/min 

 
2 doses at 6 hr each 

P01:09 C, OL Chronic Pharmacokinetics in 
Healthy Volunteers 14 s.c. 2.5, 5, 10, 15 

ng/kg/min 28 day 
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Protocol # 

 
 

Study 
Design 

 

 
 

Indication 
 

 
Number 

of 
Subjects 
Treated 

 
Dosage of  

Treprostinil 
 

Treatment Duration 

P01:10 Ac, OL 
14C Mass Balance in Healthy 

Volunteers 6 
s.c. 15 ng/kg/min  

14C-treprostinol 
8 hr 

P01:12 

single-blind, 
two-period, 
crossover,  

vehicle-
controlled, 

repeat-dose 

Warfarin interaction in Healthy 
Volunteers 16 s.c. 10 ng/kg/min 10 day 

Controlled Clinical Studies 
Randomized, Placebo-Controlled, Double-Blind Clinical Studies Supporting the Indication 

 
UT P01:03 
Pilot Study 

 
C, R, DB, 

PC 

 
NYHA Class III, IV PPH 

randomized (2:1) comparison of 
treprostinil plus conventional 

therapy to conventional therapy 
study 

 
26 s.c. 2.5 to 40 

ng/kg/min 8 wk 

P01:04 
North America 
Pivotal Study 

  

C, R, DB, 
PC  

NYHA Class II, III or IV PAH 
randomized comparison of 

treprostinil plus conventional 
therapy to conventional therapy 

study  

224  
s.c. 1.25 to  

22.5 ng/kg/min 
 

12 wk 
 

P01:05 
International 
Pivotal Study 

 

C, R, DB, 
PC 

NYHA Class II, III or IV PAH 
randomized comparison of 

treprostinil plus conventional 
therapy to conventional therapy 

study 

246 s.c. 1.25 to  
22.5 ng/kg/min 12 wk 

Uncontrolled Clinical Studies 
Ongoing Studies in PAH 

 
P01:06 

 
 

C, OL 
PAH, evaluation of safety of 
treprostinil plus conventional 

therapy 
631*  

 
s.c. 0.6 ng/kg/min 

to MTD 
 

Chronic 

P01:11 C, OL PAH; epoprostenol to 
treprostinil transition 8 to date s.c. transition 

from epoprostenol Chronic 

Clinical Study Reports of Uses Other Than Those Claimed in the Application  
 

BW P76:01 
 

Ac, OL 
 

NYHA Class III/IV CHF 
dose escalation 

 
12 

 
i.v. 5 ng/kg/min to 

MTD 

 
Sequential dose-

escalation 
 

P02:01 
 

Ac, OL 
 

Mild/Moderate Portopulmonary 
hypertension 

 
9 s.c. 10 ng/kg/min 

 
450 min 

 
P03:01 

 
Ac, OL 

 
Fontaine Stage III PVD/lower 

limb ischemia 
 
8 

 
i.v. 10 ng/kg/min 

to MTD 
 

dose -escalation 

 
Ac = acute, C = chronic, R = randomised, DB = double-blind, PC = placebo-controlled, OL = open- label 
*Includes 205 patients previously randomised to treprostinil in controlled studies P01:03, P01:04, P01:05; study ongoing (631 = number of 
patients included in last safety update to FDA) 

 
 

2.4 Clinical Pharmacology and Pharmacokinetics 
 

2.4.1 Pharmacodynamics 
 
Study P01:01 was carried out to compare the acute hemodynamic effects of i.v.  
treprostinil and epoprostenol in Class III/IV patients with PPH.  Fifteen patients were 
enrolled initially into an epoprostenol dose-ranging phase (epoprostenol was initiated at 
2 ng/kg/min and increased every 15 min or longer to the maximum tolerated dose).  
Epoprostenol was discontinued during a 90 minute washout period followed by a 
treprostinil dose-ranging phase (treprostinil was initiated at 5 ng/kg/min and increased 
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every 30 min or longer to the maximal tolerated dose) followed by a 90 minute 
treprostinil maintenance phase and finally a 120 minute washout period.   
 
Treprostinil and epoprostenol produced similar hemodynamic improvements (Table 
2.4.1A); treprostinil’s effects were maintained throughout 90 minutes of sustained i.v. 
administration.  During the 120 minute washout period, the mean values for the 
hemodynamic parameters gradually returned to their baseline mean value.  There was 
no apparent rebound effect. 

 
 

Table 2.4.1A K ey hemodynamic value s  at maximal tolerated do se of 
epopro stenol, treprostinil and end of treprostinil maintenance infu sion, plu s 
percent change s  from baseline ( Study P01:01).  

Mean + SE 
(Percent change from baseline + SE) 

Parameter Epoprostenol MTD 
(n=14) 

Treprostinil MTD 
(n=14) 

End of Treprostinil 
maintenance segment 

(n=10) 
HR (bpm) 89.9 + 3.4 

(+10.2 + 3.3%) 
87.2 + 2.9 

(+7.6 + 2.3%) 
79.3 + 3.5 

(-1.2 + 5.0%) 
RAP (mmHg) 9.9 + 1.5 

(-9.9 + 6.4%) 
9.2 + 1.4 

(-18.6 + 6.2%) 
6.9 + 1.5 

(-39.4 + 10.6%) 
Cl (L/min/m2) 3.2 + 0.3 

(+32.2 + 9.0%) 
3.4 + 0.5 

(+26.2 + 11.7%) 
3.2 + 0.6 

(+26.9 + 16.7%) 
PAPm (mmHg) 54.7 + 5.2 

(-1.6 + 2.1%) 
55.8 + 6.3 

(-0.6 + 3.1%) 
49.2 + 5.1 

(-8.9 + 2.9%) 
PVRI (mmHg/L/min/m2) 14.5 + 2.3 

(-22.3 + 5.0%) 
15.4 + 2.1 

(-14.0 + 6.6%) 
13.2 + 1.8 

(-19.8 + 8.7%) 
SAPm (mmHg) 88.8 + 3.1 

(-5.4 + 1.6%) 
90.5 + 2.9 

(+2.6 + 1.6%) 
92.0 + 3.8 

(+1.1 + 2.6%) 
SVRI (mmHg/L/min/m2) 26.3 + 3.0 

(-26.4 + 4.9%) 
28.6 + 3.7 

(-8.5 + 7.6%) 
29.6 + 3.4 

(-6.1 + 10.0%) 
SvO2 (%) na na 69.2 + 2.3 

(+7.6 + 5.1%) 
MTD = maximal tolerated dose 
na = not available 
 
 
Study P01:02 was designed to compare the acute hemodynamic effects of i.v. and s.c. 
dosing with treprostinil in NYHA functional Class III/IV patients with PPH.  Baseline 
hemodynamics were recorded, then all patients received a 75 minute i.v. infusion of 
treprostinil (10 ng/kg/min).  Hemodynamic measurements were repeated at 15, 30, 60 
and 75 minutes during the infusion.  Following a 150 minute wash-out period, six 
patients were assigned to each of five s.c. dosage regimens of treprostinil: 5, 10, 20, 30, 
40 ng/kg/min, and hemodynamic measurements were repeated at 15, 30, 60, 90, 120 
and 150 minutes during s.c. administration of treprostinil.  No patients were assigned to 
the two highest dosages after three patients experienced dose-limiting adverse events at 
20 ng/kg/min treprostinil.  Instead, seven additional patients were enrolled at the dosage 
level of 10 ng/kg/min. 
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Both the i.v. and s.c. treprostinil infusions of 10 ng/kg/min produced similar degrees of 
hemodynamic improvement (Table 2.4.1B).   
 
 

Table 2.4.1B. K ey hemodynamic value s  at end of infu sion s, plu s  percent change s  
from baseline to end of infu sion s for patients completing i.v. and s.c. trepro stinil 
infu sion ( Study P01:02). 

MEAN + SE AT END OF INFUSION 
(% change from baseline + SE) Parameter 

i.v.  10 ng/kg/min 
(n=24) 

s.c.  10 ng/kg/min 
(n=12) 

HR (bpm) 83.8 + 2.4 
(-0.6 + 2.0%) 

82.3 + 2.9 
(+0.2 + 1.9%) 

RAPm (mmHg) 8.8 + 1.1 
 (+6.7 + 13.4%) 

8.3 + 1.5 
(-19.6 + 13.3%) 

Cl (L/min/m2) 2.3 + 0.1 
(+12.1 + 3.7%) 

2.2 + 0.2 
(+19.4 + 6.2%) 

PAPm (mmHg) 59.9 + 4.2 
(-5.2 + 2.3%) 

58.8 + 6.8 
(-13.4 + 3.5%) 

PVRI 
(mmHg/L/min/m2) 

23.3 + 3.8 
(-17.1 + 4.3%) 

22.3 + 4.7 
(-26.3 + 6.7%) 

SAPm (mmHg) 89.5 + 2.9 
(-3.5 + 1.5%) 

85.5 + 3.3 
(-2.9 + 2.5%) 

SvO2 (%) 63.3 + 2.6 
(+8.0 + 4.0%) 

56.8 + 3.0 
(+6.2 + 2.5%) 

 
 

2.4.2 Pharmacokinetics 
 

In Study P01:07, 15 healthy volunteers received i.v. treprostinil, 15 ng/kg/min for 150 
minutes followed by an identical dose of treprostinil given s.c.  Following acute s.c. 
administration of 15 ng/kg/min treprostinil, the mean Cmax was 1.47 ng/mL, the mean 
Tmax was 2.51 hr and the absolute bioavailability was 113.1%.  The AUCinf may have 
been overestimated as a result of glucuronide conjugates of treprostinil being excreted in 
the bile and then being hydrolysed back to the parent drug and subsequently being 
reabsorbed.  The mean apparent elimination half-life of treprostinil was 1.4 hr following 
acute s.c. administration compared to 0.9 hr following i.v. administration. 

The steady-state plasma concentrations, plasma clearance, and elimination half-life 
were determined in 14 healthy volunteers (8 females, 6 males) who received increasing 
s.c. doses of 2.5, 5, 10 and 15 ng/kg/min of treprostinil over a 28 day period (Study 
P01:09).   The mean steady-state plasma concentrations (0.259 ng/mL to 1.564 ng/mL) 
were dose proportional while the plasma clearance mean value (9.770 mL/kg/min to 
10.445 mL/kg/min) remained consistent at the four dose levels. The mean elimination 
half-life (t½) following the termination of chronic infusion in the final dosing period was 
2.928 hr. 
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2.4.3 Metabolism 
 

Six healthy male volunteers were infused with [14C] treprostinil (specific activity: 72.5 – 
95.7 µCi) at a rate of 15 ng/kg/min for eight hours to characterize blood, plasma, urine, 
fecal radioactivity and to identify metabolites (Study P01:10).  Twenty-four hours post-
dosing, blood concentrations were below the limit of quantitation, but were still 
detectable in plasma.  Urine was the main route of elimination; 75.6% of radioactivity 
was eliminated eight hours from the end of infusion.  Total recovery within 24 hr of 
initiating the infusion, was 92.2% (urine 78.6%, feces including fecal wipes 13.6%).  Five 
metabolites (64.4% of administered dose) were detected in the urine ranging from 10.2% 
to 15.5% of the administered dose.  Three metabolites were the result of oxidation of the 
3-hydroxyloctyl side chain, one was the product of glucuronidation of the parent drug 
and one was unidentified. 
 
 
2.4.4 Drug Interactions 
 
A study in 29 healthy adult volunteers (17 female, 12 male) has been completed (Study 
P01:08) evaluating the effect of multiple oral doses of acetaminophen on the 
pharmacokinetics and safety of s.c. treprostinil. Both acetaminophen and treprostinil 
undergo glucuronidation.  In this interaction study, a randomized two-way crossover 
design was employed.   There was no evidence of a pharmacokinetic interaction 
between acetaminophen and treprostinil. 
 
Study P01:12 assessed the effects of continuous s.c. infusion of treprostinil 10 
ng/kg/min on single dose warfarin (25 mg) pharmacodynamics and pharmacokinetics in 
16 healthy volunteers.  Each subject was randomised to receive nine days s.c. infusion 
with treprostinil or vehicle with warfarin being administered on the third day of each 
treatment period.  Blood samples were collected up to 168 hr post-warfarin dosing to 
profile the pharmacokinetics of the R and S enantiomers of warfarin.  The results of this 
study confirm the absence of any pharmacodynamic or pharmacokinetic interaction 
between warfarin and treprostinil. 
 
The extent of protein binding of [14C] treprostinil in female human plasma and the 
potential for protein binding interaction of treprostinil with digoxin and warfarin in female 
human plasma have been evaluated in vitro. Over the treprostinil concentration range of 
0.33 to 10 µg/mL, [14C] treprostinil was highly bound to human plasma proteins, with 
overall protein binding values of 91.0%.  Treprostinil did not significantly affect the in 
vitro protein binding of [3H] digoxin or [14C] warfarin in pooled female human plasma.  
 
A multivariate analysis was undertaken to investigate the relationship between various 
patient covariates and steady-state plasma clearance values of treprostinil in 186 
patients with PAH in the two pivotal studies (Studies P01:04 and P01:05).  The 
treprostinil infusion rate was kept constant during weeks 11 and 12, thus steady-state 
plasma concentrations of treprostinil were maintained throughout this period.  The final 
model revealed obesity, concomitant furosemide and serum creatinine as determinants 
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of steady-state treprostinil plasma clearance.  Furosemide and treprostinil undergo 
glucuronidation, therefore there may be an interaction resulting in a reduction in the 
plasma clearance of treprostinil.  As <5% of s.c. administered Treprostinil is excreted 
unchanged in the urine and 98.9% of patients had serum creatinine values between 0.5 
and 1.4 mg/dL, there is no clear explanation why serum creatinine is a predictor of 
treprostinil clearance.  The sponsor believes that the package insert should include a 
caution statement on a potential interaction with furosemide (Appendix A) 
 
An in vitro study demonstrated no inhibitory potential of treprostinil to human hepatic 
microsomal cytochrome P450 isoenzymes (CYP1A2, CYP2C9, CYP2C19, CYP2D6, 
CYP2E1, CYP 3A). 
 
 
2.4.5 Summary of Clinical Pharmacology and Pharmacokinetics 
 
In humans, following the initiation of subcutaneous infusion of treprostinil, steady-state 
plasma concentrations are usually achieved within 15 to 18 hours.  Steady-state plasma 
concentrations of treprostinil are dose-proportional at subcutaneous infusion rates of 2.5 
to 15 ng/kg/min; however, it is not known if the proportionality between dose and steady-
state plasma levels is maintained at infusion rates greater than 15 ng/kg/min.  
Treprostinil when administered chronically as a subcutaneous infusion is completely 
absorbed and has a mean apparent elimination half-life of 3 hours compared to 45 
minutes when administered intravenously.  The mean volume of distribution and plasma 
clearance for treprostinil are 1.1 L/kg and 589 mL/kg/hr, respectively. 
 
In clinical pharmacology studies, treprostinil was shown to be qualitatively similar in 
hemodynamic response and systemic adverse effects to i.v. epoprostenol, and 
quantitatively similar when both are given at maximum tolerated doses.  Also, s.c. 
treprostinil is quantitatively similar to equal doses of i.v. treprostinil in hemodynamic 
effects; approximately 100% of the s.c. dose is bioavailable.  No interaction with 
acetaminophen or warfarin was noted; furosemide contributed slightly (6%) to the 
plasma clearance of treprostinil based on multivariate modeling; treprostinil did not 
inhibit human P450 isoenzymes – thus there was little interaction with concomitant 
therapies for PAH. 
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3 MAJO R EFFICAC Y STUDIES WITH TR EP RO STINIL 

 
Three double-blind, placebo-controlled clinical trials have been carried out with 
treprostinil in patients with pulmonary arterial hypertension.   
 
One controlled trial, Study P01:03, was a Phase II pilot trial in 26 patients with NYHA 
Class III/IV PPH, who were treated with placebo or treprostinil (1:2 ratio) for 8 weeks.  In 
this study, treatment with subcutaneous treprostinil was well tolerated and was 
accompanied by a consistent (but not statistically significant) improvement in all efficacy 
measures. Patients who successfully completed the study 8 week assessments could 
enroll in an open, uncontrolled extended treatment study, P01:06. 
 

Table 3 S ummary of Efficacy R e sults for P01:03 (Change from Ba seline) 

Assessment Treprostinil 
(n=17) 

Placebo 
(n=9) P-value 

6 minute walk (median change)  
+24 m 

 
-6 m 0.500 

Borg Dyspnea Score 0.00  +0.97 0.319 
Dyspnea-Fatigue Rating +0.57 -0.25 0.200 
Hemodynamics 
     CI (L/min/m2) 
     PAPm (mm Hg) 
     PVRI (mmHg/L/min/m2) 

 
+0.42 

0.0 
-4.8 

 
-0.03 
-2.4 
+0.2 

 
0.065 
0.135 
0.065 

 
 
Based on the encouraging trends in this small study, two identical double-blind, placebo-
controlled, randomized parallel-group studies (P01:04 and P01:05) were conducted.  
Studies P01:04 and P01:05 were designed to compare the efficacy and safety of chronic 
subcutaneous treprostinil plus conventional therapy versus placebo plus conventional 
therapy in symptom-limited (NYHA Class II, III or IV) patients with pulmonary arterial 
hypertension.   
 
3.1 Design of Studies 
 
In these two Phase III studies, patients ages 8 to 75 years with pulmonary arterial 
hypertension were screened for entry into the studies.  Pulmonary arterial hypertension 
may have been due to no known causes (primary pulmonary hypertension) or may have 
been associated with a connective tissue disease or congenital systemic-to-pulmonary 
shunt.  The diagnosis of pulmonary arterial hypertension was confirmed by prior cardiac 
catheterization or suspected based on previous data from medical history, physical 
examination, chest radiograph, electrocardiogram, echocardiogram, pulmonary function 
tests, pulmonary ventilation/perfusion scan, or pulmonary angiography.  Candidates for 
study enrollment were to be optimally treated with conventional pulmonary hypertension 
therapy and stabilized prior to study entry; changes in concomitant PAH therapies were 
discouraged during the 12 week treatment period, unless clinically indicated. 
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Eligible patients were randomized in a 1:1 ratio (treprostinil: placebo) to 12 weeks of 
treatment with (1) conventional oral therapy plus continuous s.c. infusion of treprostinil or 
(2) conventional oral therapy plus continuous s.c. infusion of placebo.  A central 
randomization scheme was used to assign patients to treatment groups.  Randomization 
to active or placebo was stratified according to etiology of disease (primary versus 
secondary) and baseline exercise capacity (50-150 meters vs. 151 to 450 meters) and 
baseline vasodilator use (yes vs. no).  No attempt was made to balance treatment within 
individual centers. Patients who successfully completed the study and completed the 12 
weeks assessments could enroll in an open, uncontrolled extended treatment study, 
P01:06, along with those who completed study P01:03. 

 
Figure 3.1  Overview of Study De sign 
  
         
 Phase: Baseline  Treatment  
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3.2 Measures of Efficacy 
 
3.2.1 6-Minute Walk Distance 

 
Exercise capacity was evaluated utilizing an unencouraged 6-minute walk test, which 
was assessed at baseline and Weeks 1, 6 and 12 following randomization.  To reduce 
the effect of learning, a practice walk test was conducted up to 6 weeks prior to the 
baseline assessment.  At each center, the walk test was conducted by a specific test 
administrator, who instructed each patient how to perform the test using a standardized 
script. Other than reminding the patient of the amount of time completed (2, 4 and 

Randomization (1:1) 
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6 minutes), no other instruction or encouragement was offered.  The test administrator 
was otherwise uninvolved in the study or care of the study patients; remained blinded to 
individual patient’s treatment until the study was completed across all centers; and did 
not communicate the exercise test results to other study personnel involved in the trial.  
Immediately after completion of the 6-minute walk test, the magnitude of dyspnea was 
assessed by the patient using a 10-point scale (the Borg Dyspnea Score), which ranged 
from 0 (no dyspnea) to 10 (maximum dyspnea).  In this manner, both the distance 
traversed and the symptoms experienced at the end of the walk test were measured.  
The exercise administrator recorded the initiation and completion times of the test, the 
distance walked, and the patient’s estimate of their magnitude of shortness of breath at 
the end of the test (the Borg Score).   
 
3.2.2 Symptoms and Signs of Pulmonary Hypertension 

 
The assessment of symptoms and signs mimics precisely the usual interaction that 
occurs between patients and physicians during a routine office visit.  In addition, such 
assessment allows for the evaluation of symptoms that occur spontaneously or at rest, 
including those that are not related to or evoked by exercise (and thus do not limit 
exercise tolerance). 
A prespecified list of 8 symptoms and 8 physical signs characteristic of pulmonary 
hypertension were evaluated at baseline and Weeks 1, 6 and 12 after randomization.  
The symptoms were dyspnea, orthopnea, fatigue, chest pain, dizziness, syncope, 
palpitations and edema. According to the design of the case report form, investigators 
were not able to report symptoms that had improved but had not resolved.  Similarly, the 
case report form was designed to detect symptoms that developed for the first time 
during the study but not symptoms that were originally present but had deteriorated. The 
physical signs were loud P2, right ventricular S3, right ventricular S4, right ventricular 
heave, murmur of tricupsid insufficiency, murmur of pulmonic insufficiency, 
hepatomegaly and jugular venous distention at 45 degrees.  To ensure consistency, 
these were evaluated by the same physician for a given patient throughout the study. 
 

3.2.3 Dyspnea-Fatigue Rating 
 

An important clinical index used to measure general shortness of breath and the impact 
on the patient’s lifestyle is the Dyspnea-Fatigue Rating. This clinical index of dyspnea 
and fatigue consists of three components, each rated on a scale of 0 to 4 (worst to best), 
for magnitude of the task that evokes dyspnea or fatigue, the magnitude of the pace (or 
effort) with which the task is performed and the associated functional impairment in 
general activities.  The ratings for each component are collected and added to derive an 
aggregate score, which can range from 0, for the worst condition, to 12, for the best.  
The rating of each component provides a subjective assessment of their shortness of 
breath and the impact of the disease to their lifestyle.  The Dyspnea-Fatigue Rating was 
assessed at baseline and 1, 6, 12 weeks following randomization. 
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3.2.4 Discontinuation due to Disease Progression, Transplantation or Death 
 

Patients discontinuing from the study due to disease progression requiring rescue with 
epoprostenol or other i.v. agents, transplantation, or death were considered treatment 
failures.  
 
3.2.5 Hemodynamic Variables 
 
Hemodynamic variables were measured during right heart catheterization before and 
following 12 weeks of double-blind treatment.  To avoid the possibility that knowledge of 
hemodynamic effects might influence the assessment of other efficacy variables, 
hemodynamic measurements were carried out after all other efficacy assessments.  The 
following variables were measured directly:  cardiac output, pulmonary arterial 
pressures, pulmonary capillary wedge pressure, mean right atrial pressure, systemic 
arterial pressures, heart rate and mixed venous oxygen saturation.  The following 
variables were derived:  cardiac index, stroke volume and index, pulmonary vascular 
resistance and index, systemic vascular resistance and index and total pulmonary 
resistance and index. 
 
3.2.6 Quality of Life 
 
Quality of life was assessed using the Minnesota Living with Heart Failure 
Questionnaire, which provides insight into the patient’s perspective of how a 
cardiovascular disorder affects their daily living.  This assessment (which evaluates 
three dimensions: physical, emotional and global) was performed at baseline and after 6 
and 12 weeks of double-blind treatment. 

 
 
3.3 Prespecified Endpoints and Analyses  
 
All analyses presented in this document were carried out based on the intention-to-treat 
principle and included all randomized patients, except one patient who was randomized 
to placebo and did not receive the study medication because of withdrawal of consent.  
In addition, data were censored at the time of inadvertent crossover for three patients 
who received incorrect study drug at their re-supply visit.  The statistical analysis plan, 
which was submitted and agreed by the Division prior to unblinding, is attached as 
Appendix B. 
 
3.3.1 Primary Endpoint 
 
The primary endpoint of both study P01:04 and study P01:05 was the distance traversed 
during the 6-minute walk test. The significance of observed between-group differences in 
exercise distance was evaluated using a nonparametric analysis of covariance within the 
framework of the extended Cochran-Mantel-Haenszel test, adjusted for center, baseline 
exercise, vasodilator use at baseline and etiology (primary vs secondary pulmonary 
hypertension). The statistical plan specified that patients who failed to complete the trial 
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because of worsening of the underlying condition were given worst rank; those who 
failed to complete the study because of an adverse effect or for administrative reasons 
had their last double-blind rank carried forward. 
 
Since P01:04 and P01:05 were identical in design and recruited similar patients, the 
sponsor proposed (before the blind of the studies was broken) that the studies be 
analyzed both individually and together utilizing a specified statistical approach, which 
minimized the risk of a false positive error.  Accordingly, the trials would be considered 
positive if the P value for the combined analysis across both trials was < 0.05 and both 
trials individually achieved a p < 0.05 for the primary endpoint.   The trials would also be 
considered positive if the combined analysis across both trials provided a P < 0.01 and 
at least one of the individual trials achieved a P < 0.05 for the primary endpoint. This 
statistical analysis plan was accepted by the Division before the database was locked 
and before the data from the trials were analyzed.  Following unblinding of the data, the 
two studies yielded very similar results, indicating that the concept of pooling the data 
across the two trials was appropriate. 
 
3.3.2 Principal Reinforcing Endpoints 
 
Specific limitations of using the 6-minute walk as the primary endpoint of studies P01:04 
and P01:05 were recognized by the sponsor and discussed with the FDA before the 
inception of the major trials with treprostinil.  As a result, the trials not only measured the 
distance traversed during the 6-minute walk test but also quantified the symptoms 
experienced at the end of the test (using the Borg dyspnea score).  Furthermore, both 
protocols not only defined a primary endpoint (6-minute walk test), but also took the 
unique step of defining three principal reinforcing endpoints in addition to several 
secondary efficacy endpoints.   
 
The prespecified principal reinforcing endpoints in both trials were: 
 

• Symptoms and signs of pulmonary hypertension 
 

To facilitate analysis of the data, the sponsor prespecified that information regarding 
the emergence or resolution of symptoms and signs were to be combined into a 
single score.  Each symptom or sign was assigned a value of –1, 0 or +1, depending 
on whether the symptom or sign had emerged (-1) or resolved (+1).  If the symptom 
or sign was present at both the start and end of the study (or was absent at both the 
start and end of the study), a value of 0 was assigned (even if the symptom or sign 
had improved or deteriorated).  The values of the 16 symptoms and signs were 
summed to yield a composite score.  The composite scores were compared between 
treatment groups using the Wilcoxon Rank Sum Test.  Missing data were not 
imputed for this analysis. 
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• Dyspnea-fatigue rating 
 

The ratings for each of the three components were collected and added to derive an 
aggregate score, which range from 0, for the worst condition, to 12, for the best.  
Changes from baseline were compared between treatment groups using the 
Wilcoxon Rank Sum Test.  Missing data were not imputed for this analysis. 
 

 
• Mortality, transplantation and discontinuation of the study drug due to clinical 

deterioration 
 
Differences in proportions and odds ratios were used to describe treatment 
differences in event rates. 

 
 
3.3.3 Secondary Endpoints 
 
Secondary endpoints were hemodynamics and Borg Dyspnea Score.  Quality of Life 
(QOL) was also evaluated during the studies but was not specified as a primary or 
secondary endpoint. 
 

• Hemodynamics 
 

Changes from baseline in hemodynamic parameters were compared between 
treatment groups using parametric analysis of covariance, adjusting for baseline 
value.  Missing data were not imputed for these analyses. 

 
• Borg Dyspnea score 

 
Changes from baseline in the Borg dyspnea score were compared between 
treatment groups using the Wilcoxon Rank Sum Test.  Missing data were not 
imputed for this analysis. 

 
• Quality of life 

 
Changes from baseline in the global score, physical dimension score, and emotional 
dimension score were compared between treatment groups using the Wilcoxon Rank 
Sum Test.  Missing data were not imputed for this analysis. 

 
3.4 Treprostinil Administration 
 
The general strategy used for the administration of treprostinil was to initiate treatment at 
a fixed dose and then to progressively increase the dose to reduce signs and symptoms 
of pulmonary hypertension and yet avoid symptoms of excess treprostinil. Consequently, 
doses of study drug were increased if a patient’s symptoms of pulmonary hypertension 
did not improve or if the patient’s clinical condition deteriorated and the patient became 
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increasingly symptomatic.  Doses were not increased (and may have been decreased) if 
any changes in vital signs or clinical signs or persistent symptoms of excess drug were 
observed including any adverse event judged related to study drug (e.g., headache, 
nausea, emesis, restlessness, anxiety).  The onset of significant pain, or worsening of 
pain, at the injection site was also reason for not increasing the dose of study drug and, 
if clinically necessary, a sufficient reason to reduce dose.  If a patient’s clinical condition 
deteriorated despite increased doses of study drug, and, if in the judgment of the 
investigator the patient’s condition warranted ‘rescue’ treatment with intravenous 
prostaglandins or chronic intravenous inotropic agents, the study drug was permanently 
discontinued.  
 
The initial dose of study drug in P01:04 and P01:05 was 1.25 ng/kg/min.  If the initial 
dose of 1.25 ng/kg/min was not tolerated by the patient, this initial infusion rate was 
reduced.   If the initial rate was tolerated, the infusion rate was increased as needed at 
increments not greater than 1.25 ng/kg/min per week for the first four weeks and then 
not greater than 2.5 ng/kg/min per week for the duration of the infusion.  This strategy 
permitted the opportunity to observe individual patient sensitivity to study drug by 
slowing increasing dose during the initiation of therapy, but once assessed, it permitted 
doses to be increased more aggressively during the later half of study.   

 
 
3.5 Study Conduct 
 
3.5.1 Baseline Characteristics 

 
A total of 470 patients were randomized into studies P01:04 and P01:05.  In study 
P01:04, 224 patients were enrolled (111 to placebo and 113 to treprostinil).  In study 
P01:05, 245 patients were enrolled (125 to placebo and 120 to treprostinil).  The patients 
randomized to placebo and treprostinil were similar with respect to all baseline 
characteristics (Table 3.5.1). 
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Table 3.5.1 Ba seline Characteristics  of Studie s P01:04 and P01:05 
P01:04 P01:05 

Baseline Characteristic Treprostinil 
(N=113) 

Placebo 
(N=111) 

Treprostinil 
(N=120) 

Placebo 
(N=125) 

Age (years, mean ± SE) 
        Age group categories (N, [% total]) 
 8 to <16 years of age 
 16 to 64 years of age 
 >64 years of age 

45.3 ± 1.4 
 

6 (5.3) 
96 (85.0) 
11 (9.7) 

43.2 ± 1.4 
 

4 (3.6) 
100 (9.1) 
7 (6.3) 

43.9 ± 1.3 
 

3 (2.5) 
107 (89.2) 
10 (8.3) 

45.5 ± 1.3 
 

1 (0.8) 
111 (88.8) 
13 (10.4) 

Gender (N, [% total]) 
 Females 
 Males 

 
96 (85) 
17 (15) 

 
95 (85.6) 
16 (14.4) 

 
101 (84.2) 
19 (15.8) 

 
90 (72.0) 
35 (28.0) 

Race (N, [% total]) 
 Caucasian 
 Black 
 Asian 
 Hispanic 
 Native American 
 Other 

 
91 (80.5) 
8 (7.1) 
4 (3.5) 
8 (7.1) 
1 (0.9) 
1 (0.9) 

 
86 (77.5) 
5 (4.5) 
6 (5.4) 

13 (11.7) 
0 (0.0) 
1 (0.9) 

 
107 (89.2) 

5 (4.2) 
1 (0.8) 
6 (5.0) 
1 (0.8) 
0 (0.0) 

 
112 (89.6) 

3 (2.4) 
2 (1.6) 
6 (4.8) 
0 (0.0) 
2 (1.6) 

PAH NYHA Classification (N, [% total]) 
 Class II 
 Class III 
 Class IV 

 
10 (8.8) 

93 (82.3) 
10 (8.8) 

 
16 (14.4) 
85 (76.6) 
10 (9.0) 

 
15 (12.5) 
97 (80.8) 
8 (6.7) 

 
12 (9.6) 

107 (85.6) 
6 (4.8) 

PAH Diagnosis (N, [% total]) 
   PPH 
   PAH associated with: 
 Scleroderma 
 Limited Scleroderma 
 Mixed Connective Tissue Disease 
 Systemic Lupus Erythematosus 
 Overlap Syndrome 
 Congenital systemic-to-
 pulmonary shunts 

 
61 (54.0) 

 
8 (7.1) 
9 (8.0) 
4 (3.5) 
4 (3.5) 
0 (0.0) 

 
27 (23.9) 

 
59 (53.2) 

 
6 (5.4) 
5 (4.5) 
8 (7.2) 

10 (9.0) 
1 (0.9) 

 
22 (19.8) 

 
73 (60.8) 

 
4 (3.3) 
4 (3.3) 
4 (3.3) 
3 (2.5) 
1 (0.8) 

 
31 (25.8) 

 
77 (61.6) 

 
7 (5.6) 
2 (1.6) 
1 (0.8) 
8 (6.4) 
1 (0.8) 

 
29 (23.2) 

Six-minute Walk Test (m) 
 Mean ± SE 
 Median 
 (25th-75th percentile) 

 
326.6 ± 7.8 

341.4 
(263.7-390.0) 

 
335.9 ± 8.1 

349.0 
(272-407) 

 
326 ± 7.8 

348.5 
(268.5-396) 

 
318.5 ± 7.9 

338.0 
(272.0-377.0) 

Most common PAH Signs & Symptoms  
(N, [% total]) 
 Dyspnea 
 loud P2 sound 
 Fatigue 
 Right ventricular heave 

 
 

113 (100) 
109 (96.5) 
106 (93.8) 
79 (69.9) 

 
 

109 (98.2) 
109 (98.2) 
97 (87.4) 
83 (74.8) 

 
 

120 (100) 
111 (92.5) 
105 (87.5) 
53 (44.2) 

 
 

125 (100) 
117 (93.6) 
107 (85.6) 
63 (50.4) 

Dyspnea-Fatigue Rating (mean ± SE) 
Borg Dyspnea Score 
Quality of life 
      Global 
       Physical 
       Emotional 

4.27 ± 0.19 
4.42 ± 0.2 

 
54.9 ± 2.55 
25.5 ± 1.06 
12.8 ± 0.90 

4.71 ± 0.19 
4.34 ± 0.23 

 
56.5 ± 2.62 
25.6 ± 1.13 
13.5 ± 0.82 

4.23 ± 0.17 
4.22 ± 0.23 

 
52.7 ± 2.04 
24.4 ± 0.83 
11.6 ± 0.70 

4.17 ± 0.18 
4.44 ± 0.24 

 
53.4 ± 1.99 
25.2 ± 0.86 
11.4 ± 0.65 

Hemodynamics (mean ± SE) 
 CI (L/min/m2) 
 PVRI (mmHg/L/min/m2) 
 PAPm (mmHg) 
 SvO2 (%) 
 RAPm(mmHg) 

 
2.25 ± 0.08 

27.28 ± 1.49 
61.1 ± 1.60 
60.4 ± 0.96 
11.1 ± 0.5 

 
2.25 ± 0.06 
26.23 ± 1.53 
60.7 ± 1.49 
60.7 ± 1.15 
10.3 ± 0.59 

 
2.47 ± 0.08 
25.79 ± 1.26 
62.5 ± 1.67 
62.5 ± 1.0 
9.5 ± 0 .55 

 
2.23 ± 0.07 
24.11 ± 0.91 
59.2 ± 1.25 
59.8 ± 1.03 
9.6 ± 051 

Chemistry (mean±SE) 
   Albumin (g/dL) 
   LDH (U/L) 
   Alkaline Phosphatase (U/L) 
   BUN (mg/dL) 
   Creatinine (mg/dL) 
   Sodium (mEq/L) 
   Potassium (mEq/L) 

 
3.9 ± 0.04 

246.9 ± 6.28 
93.8 ± 3.77 
17.8 ± 0.88 
0.9 ± 0.03 

139.0 ± 0.325 
4.1 ± 0.06 

 
4.0 ± 0.04 

243.3 ± 6.93 
89.8 ± 4.94 
15.8 ± 0.76 
0.9 ± 0.02 

139.4 ± 0.30 
4.2 ± 0.04 

 
4.0 ± 0.04 

249.8 ± 7.34 
100.3 ± 7.12 
16.5 ± 0.59 
0.9 ± 0.02 

140.2 ± 0.34 
4.1 ± 0.05 

 
4.0 ± 0.04 

247.5 ± 7.09 
91.68 ± 3.66 
17.0 ± 0.78 
0.9 ± 0.02 

139.94 ± 0.38 
4.2 ± 0.05 

Hematology (mean±SE) 
   Hemoglobin (d/L) 
   Platelet Count (103/uL) 
   Neutrophils (%) 
   Hematocrit (%) 

 
14.82 ± 0.19 
204.99 ± 6.78 
66.15 ± 1.04 
45.71 ± 0.68 

 
14.89 ± 0.2 

204.77 ± 6.95 
64.16 ± 1.24 
46.02 ± 0.64 

 
15.37 ±0.21 

206.15 ± 7.24 
64.12 ± 0.9 
47.65 ± 0.74 

 
15.39 ± 0.21 
215.33 ± 7.0 
64.36 ± 1.02 
46.9 ± 0.66 
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Urinalysis (Protein) 
   None, Negative or Missing 
   Trace 
   1+ 
   2+ 
   3+ 

 
82 (72.6) 
10 (8.8) 
10 (8.8) 
4 (3.5) 
8 (7.0) 

 
6 (5.5) 

12 (10.9) 
12 (10.9) 
8 (7.3) 
3 (2.7) 

 
81 (67.5) 
13 (10.7) 
7 (5.7) 

13 (10.7) 
8 (6.6) 

 
70 (55.6) 
16 (13.0) 
18 (14.6) 
14 (11.4) 
5 (4.1) 

Coagulation Time (mean±SE) 
   Prothrombin Value (sec.) 
   INR 

 
14.1 ± 0.23 
1.3 ± 0.03 

 
14.4 ± 0.29 
1.3 ± 0.03 

 
18.6 ± 1.07 
1.8 ± 0.1 

 
19.3 ± 0.92 
1.7 ± 0.08 

ECG Results 
   Unknown 
   Normal 
   Abnormal 

 
2 (1.8) 
0 (0.0) 

112 (98.2) 

 
3 (2.7) 
6 (5.5) 

101 (91.8) 

 
4 (3.3) 
2 (1.6) 

116 (95.1) 

 
3 (2.4) 
2 (1.6) 

118 (95.9) 
 
Vital Signs (mean±SE) 
   Weight (kg) 
   Respiration Rate (breaths/min) 
   Pulse rate (bpm) 
   Blood pressure, systolic, at rest (mmHg) 
   Blood pressure, diastolic, at rest (mmHg) 

 
 

73.3 ± 1.98 
19.2 ± 0.27 
83.5 ± 1.17 
116.7 ± 1.30 
73.3 ± 1.12 

 
 

73.8 ± 1.9 
19.5 ± 0.31 
82.4 ± 1.2 

117.3 ± 1.61 
75.9 ± 1.06 

 
 

67.6 ± 1.63 
18.9 ± 0.36 
82.1 ± 1.05 

115.5 ± 1.28 
73.4 ± 1.04 

 
 

72.1 ± 1.47 
19.1 ± 0.32 
81.8 ± 1.14 
116.3 ± 1.48 
74.3 ± 0.95 

PAH Concomitant Medications 
        (Number (%) of Patients) 
   Vasodilators 
   Calcium channel blockers 
   Other vasodilators 
   Steroids 
   Diuretics 
   Anticoagulants 
   Digoxin 
   Oxygen 
   Analgesic 
   Any Concomitant PAHs 

 
 

57 (50.4) 
49 (43.4) 
18 (15.9) 
9 (8.0) 

69 (54.0) 
61 (54.0) 
34 (30.1) 
42 (37.2) 
1 (0.9) 

106 (93.8) 

 
 

62 (55.9) 
50 (45.0) 
19 (17.1) 
7 (6.3) 

54 (48.6) 
58( 52.3) 
30 (27.0) 
41 (36.9) 
2 (1.8) 

104 (93.7) 

 
 

55 (45.8) 
48 (40.0) 
15 (12.5) 
3 (2.5) 

67 (55.8) 
88 (73.3) 
22 (18.3) 
41 (34.2) 
1 (0.8) 

113 (94.2) 

 
 

57 (45.6) 
48 (38.4) 
16 (12.8) 
5 (4.0) 
75 (60) 

102 (81.6) 
29 (23.2) 
41 (35.2) 
0 (0.0) 

122 (97.6) 
 

 
3.5.2 Patient Disposition 

 
Of the 470 patients who were randomized and received study drug, 48 did not complete 
12 weeks of double-blind treatment, 15 in the placebo group and 33 in the treprostinil 
group (Table 3.5.2).  The reasons for early discontinuation in the placebo group were 
death (n=7), transplant (n=1), clinical deterioration requiring rescue therapy (n=6), an 
adverse experience (n=1) and withdrawn consent (n=1). The reasons for early 
discontinuation in the treprostinil group were death (n=7), clinical deterioration requiring 
rescue therapy (n=6), an adverse experience (n=18) and withdrawn consent (n=2). 
 

 
Table 3.5.2 Summary of Patient Disposition 

Number of Patients (%) Disposition Treprostinil Placebo 
Randomized to Study  
 (Pooled 04/05) 

 
233 

 
237 

  Study 01:04 
  Study 01:05 

113 
120 

111 
126 

Received Study Drug  
 (Pooled 04/05) 

 
233 (100) 

 
236 (99.6) 

  Study 01:04 
  Study 01:05 

113 (100) 
120 (100) 

111 (100) 
125 (99.2) 
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Received study drug for entire 12 weeks: 
 (Pooled 04/05) 

 
200 (85.8) 

 
221 (93.2) 

  Study 01:04 
  Study 01:05 

96 (85.0) 
104 (86.7) 

104 (93.7) 
117 (92.9) 

Received study drug up to time of death: 
 (Pooled 04/05) 

 
7 (3.0) 

 
7 (3.0) 

  Study 01:04 
  Study 01:05 

4 (3.5) 
3 (2.5) 

4 (3.6) 
3 (2.4) 

Received study drug up to time of transplant: 
 (Pooled 04/05) 

 
0 (0.0) 

 
1 (0.4) 

  Study 01:04 
  Study 01:05 

0 (0.0) 
0 (0.0) 

1 (0.9) 
0 (0.0) 

Received study drug up to the time of clinical 
deterioration requiring rescue therapy: 
 (Pooled 04/05) 

 
 

6 (2.6) 

 
 

6 (2.5) 
  Study 01:04 
  Study 01:05 

1 (0.9) 
5 (4.2) 

2 (1.8) 
4 (3.2) 

Discontinued Due to AE 
 (Pooled 04/05) 

 
18 (7.7) 

 
1 (0.4) 

  Study 01:04 
  Study 01:05 

12 (10.6) 
6 (2.5) 

0 (0.0) 
1 (0.8) 

Withdrew Consent 
 (Pooled 04/05) 

 
2 (0.9) 

 
1 (0.4) 

  Study 01:04 
  Study 01:05 

0 (0.0) 
2 (1.7) 

0 (0.0) 
1 (0.8) 

 
3.5.3 Use of Treprostinil 

 
The mean doses of study drug achieved at the end of the first week of therapy, at the 
mid-point and at the conclusion of each study is summarized in Table 3.5.3.   As is seen 
with other prostaglandin analogs used to treat pulmonary arterial hypertension, drug 
infusion rates tend to increase over time. 
 

Table 3.5.3 Summary of Study Drug Infusion Record 
Mean Dose ±±±± SE (ng/kg/min)  (N) 

Pooled 04/05a 

Study 04 
Study 05 

Study Evaluation 
Timepoint 

Treprostinil Placebo 

Initiation of dosing 
1.2 ±±±± 0.01   (236) 
1.2 ± 0.01   (114) 
1.2 ± 0.01   (122) 

1.2 ±±±± 0.01   (233) 
1.2 ± 0.02   (110) 
1.2 ± 0.01   (123) 

End of Week 1 
2.0 ±±±± 0.04   (233) 
1.9 ± 0.06   (113) 
2.1 ± 0.05   (120) 

2.3 ±±±± 0.04  (231) 
2.2 ± 0.05   (108) 
2.3 ± 0.06   (123) 

End of Week 6 
5.9 ±±±± 0.21   (215) 
5.5 ± 0.28   (105) 
6.2 ± 0.30   (110) 

10.0 ±±±± 0.21   (223) 
9.2 ± 0.29   (106) 
10.8 ± 0.28   (117) 

End of Week 12 
9.3 ±±±± 0.38   (202) 
8.9 ± 0.49   (96) 
9.6 ± 0.56   (106) 

19.1 ±±±± 0.33   (217) 
17.4 ± 0.55   (103) 
20.5 ± 0.32   (114) 

aPatients not receiving drug at the time of evaluation were included 
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3.6 Efficacy Results 
 
3.6.1 Primary Endpoint -- Exercise Capacity  

 
When both study P01:04 and P01:05 are considered together, the distance walked 
during the 6-minute walk test increased by 10 meters in the treprostinil group but did not 
change in the placebo group.  The Hodges-Lehman estimate for the between-group 
treatment effect was 16 meters (P = 0.0064). The results of the individual studies were 
consistent with each other and were consistent with the pooled analysis  (P = 0.0607 for 
P01:04; P = 0.0550 for study P01:05), Table 3.6.1A.   

 
Table 3.6.1A Change from Baseline in 6-Minute Walk Test at Week 12:
Pooled and Individual Studies 

Analysis Population 
 Treatment Group 

Median Change  
(m) 

Median Differencea 
(m) p-value 

Pooled 04/05 
 Treprostinil  (N=232) 
 Placebo (N=236) 

 
10.0 
0.0 

16.0 0.0064 

Study P01:04 
 Treprostinil  (N=113) 
 Placebo (N=111) 

 
3.0 
1.0 

13.0 0.0607 

Study P01:05 
 Treprostinil  (N=119) 
 Placebo (N=125) 

 
16.0 
-3.0 

18.5 0.0550 

a Hodges-Lehman Estimate 
 
 
There was a relationship between the dose achieved after 12 weeks of double-blind 
treatment and the change in 6-minute walk distance, Table 3.6.1B.  The higher the dose 
achieved, the better the increase in six-minute walk distance.  A similar correlation was 
observed between plasma levels of treprostinil and the change in 6-minute walk distance 
at week 12. 
 
 

Table 3.6.1B Relation of Effect on 6-Minute Walk Distance to
Dose of Treprostinil at Week 12  (Pooled P01:04/05) 

Treprostinil Dose 

Quartiles Dose Range 
(ng/kg/min) 

Mean Change in Walk 
Distance  

(m) 
Below 25th Percentile <5.0 -3.6 
25th Percentile to < Median 5.0 to <8.2 6.6 
Median to < 75th Percentile 8.2 to <13.8 14.6 
75th Percentile and above ≥13.8 35.5 
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Although a single estimate is often used to describe the magnitude of a treatment effect, 
a more complete picture is provided by examining differences in the distribution of 
patient responses in the treatment groups.  Figure 3.6.1A shows a plot of the adjusted 
standardized rank of change from baseline for the 6-minute walk distance.  The P-value 
of 0.0064 for the pooled analysis (which is based on a nonparametric analysis adjusted 
for baseline walk, etiology and vasodilator use) is in fact based on this between-
treatment comparison of adjusted standardized ranks.  An adjusted standardized rank of 
0.5 defines the 50% of patients who achieved that rank or better and an adjusted 
standardized rank of 0.75 defines the 25% of patients who achieved that rank or better.  
As shown across the range of ranks (particularly from 0.2 to 0.8), approximately 10% 
more treprostinil patients than placebo patients achieved any given rank or better.   
 
Figure 3.6.1A Adjusted Standardized Rank of Change From Baseline for Exercise 
Capacity at Week 12. 
 

 

 
Although these results did not quite meet the criteria specified in the statistical plan 
(pooled P < 0.01 with one of the two trials with a P < 0.05), the Division and the sponsor 
are in agreement with the conclusion that these results are indicative of a treatment 
effect of treprostinil in the management of patients with pulmonary arterial hypertension.  
However, the Division has characterized this treatment effect as small, reflecting 
approximately a 5% improvement from baseline.  The sponsor does not disagree with 
this characterization, but notes that experience with the walk test across a variety of 
disorders has not yielded any consensus as to what increase in 6-minute walk distance 
constitutes a clinically meaningful change.  In the absence of such information, the 
sponsor believes that alternative approaches should be used to gauge the clinical  
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meaningfulness of the observed treatment effect.  Three approaches are possible: (1) 
quantifying the magnitude of the treatment effect in relevant subgroups; (2) evaluating 
both distance and symptoms in the assessment of exercise tolerance; and (3) observing 
the treatment effect on the principal reinforcing endpoints. 
 
 
(1) - Treatment Effect in Subgroups 
 
Before the blind of the trial was broken, a number of baseline covariates were selected 
with the intent of determining if these exerted a meaningful influence on the  magnitude 
of the treatment effect (as assessed by the 6-minute walk test).  The covariates selected 
included: 
 

• Baseline exercise distance (continuous) 
• NYHA classification (II vs. III vs. IV) 
• Disease etiology (PPH vs. connective tissue disease vs. congenital shunts) 
• Gender (male vs. female) 
• Race (Caucasian vs. African origin vs. Hispanic vs. Other) 
• Age (continuous and grouped [<16, 16-64, >64]) 
• Center 
• Geographic regions (North America vs. rest of world) 
• Baseline hemodynamics (CO, PAPm, PVRI, SVO2) 
• Concomitant medications (vasodilators, anticoagulants, diuretics and digoxin) 

 
A summary of the covariate interactions are shown in Table 3.6.1C.  The large majority 
of covariates tested were not significant (p>0.1), but those that reflected the clinical 
severity of pulmonary arterial hypertension (baseline walk distance, NYHA Class and 
SvO2) appeared to have an important influence on the magnitude of the improvement 
produced by treprostinil. 
 

 
Table 3.6.1C S ummary of Covariate Interaction s with Treatment 
in Analyse s  of 6-Minute Walk Te st at Week 12 (Pooled 04/05 Data) 

Covariate Analysis  P-valuea 
Pooled 04/05 

Baseline walk distance 0.0338 
NYHA classification 0.1051 
Disease etiology 0.5985 
Gender 0.4278 
Race 0.8302 
Age 
     Continuous variable 
     Grouped (<16, 16-64, >64 yrs) 

 
0.3843 
0.9488 

Center 0.5709 

Vasodilator use at baseline 0.3427 

Geographic region 0.8196 
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Hemodynamics at baseline 
      PAPm 
      PVRI 
      CI 
      SVO2 

 
0.3855 
0.5333 
0.2677 
0.0728 

Chronic concomitant medications 
      Chronic vasodilator use 
      Chronic anticoagulant use 
      Chronic diuretic use 
      Chronic digoxin use 

 
0.2880 
0.0416 
0.8637 
0.9699 

a  P-values from the test of treatment by covariate interaction term in a 
parametric linear model using an alternative imputation method to correct 
violation of regression assumptions 

 
 
 

In general, the more advanced the underlying disease, the more marked the response to 
treatment with treprostinil.  This pattern is noteworthy because trials of new treatments 
for pulmonary arterial hypertension have restricted enrollment to patients with class III or 
IV symptoms. As shown in Table 3.6.1D, if such an approach had been followed in the 
major trials with treprostinil, the data support that the magnitude of the treatment effect 
would have been nearly two-three times greater than that actually observed (when class 
II patients were included in the analysis). 

 
 
 

Table 3.6.1D  Influence of Ba seline Walk Distance, NYHA Clas s  and SVO2 on the 
R e spon se to Trepro stinil (as A s s e s sed  by 6-Minute Walk Distance at 12 Week s) 

 
Treatment Effecta 

(treprostinil – Placebo) 
mean ±±±± SE 

p-value 

Baseline Walk at 
150m 
250m 
350m 
450m 

 
51.15 ±16.33 
33.42 ± 9.51 
15.69 ± 7.27 
-2.04 ± 12.40 

 
0.0019 
0.0005 
0.0314 
0.8697 

NYHA Classification 
    II 
    III  
    IV  

 
-12.52 ± 20.68 
21.63 ± 7.69 
56.41 ± 25.55 

 
0.5455 
0.0051 
0.0278 

Baseline SVO2  
   40% 
   50% 
   60% 
   70% 
   80% 

 
43.58 ± 16.14 
31.29 ± 10.54 
19.01 ± 7.40 
6.73 ± 9.58 

-5.56 ± 14.90 

 
0.0072 
0.0032 
0.0106 
0.4830 
0.7093 

aAs predicted from a linear regression model using an alternative imputation method to correct for 
violation of regression assumptions 
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(2) - Combined Assessment of Distance and Symptoms 
 
The intent of the 6-minute walk test is to determine how much patients can do during the 
course of carrying out activities of daily living.  However, the capacity of patients to 
function is determined not only by what they can do when they exert themselves to the 
fullest, but also by how they feel when they are carrying out their usual activities of daily 
living.  Two patients may show an equal ability to walk down the street, but their clinical 
status is not equal if one walks with ease and the other walks while huffing and puffing. 
 
It is therefore important not only to look at the distance traversed during the 6-minute 
walk but also the symptoms experienced at the end of the effort.  Indeed, the 
investigator who played the key role in the development of the 6-minute walk test (Dr. 
Gordon Guyatt) has strongly recommended that symptoms and distance always be 
assessed together during the test.9  In designing the pivotal trials with treprostinil, United 
Therapeutics prospectively followed Dr. Guyatt’s guidance to assess performance and 
symptoms at the same time.  In both study P01:04 and in study P01:05, patients were 
asked to report the magnitude of dyspnea using the Borg Dyspnea score at the 
completion of the 6-minute walk test.  In fact, this score was specified as a secondary 
endpoint because we intended that it be used to interpret the results of the primary 
endpoint.  At the completion of the 6-minute walk test, patients were asked to report the 
magnitude of dyspnea.  The results (Table 3.6.1E) demonstrate that treprostinil 
ameliorates the magnitude of dyspnea experienced during the 6-minute walk test.  
Therefore, treatment with treprostinil enhances exercise tolerance by lessening 
symptoms despite an increase in work performed. 

 
Table 3.6.1E  S ummary of Borg Dy spnea S core s:   Change from 
Ba seline at Week 12 

Analysis Population 
Treatment Group 

Borg Dyspnea Scores - Change from 
Baseline at Week 12 

Mean ± SE  (N) 
Pooled 04/05 

 Treprostinil 
 Placebo 
 p-value a 

 
-0.88 ± 0.14 (201) 

+0.11 ± 0.17 (212) 

<0.0001 
Study P01:04 

 Treprostinil 
 Placebo 
 p-value 

 
-0.89 ± 0.18 (97) 

+0.10 ± 0.22 (100) 

0.0006 
Study P01:05 

 Treprostinil 
 Placebo 
 p-value 

 
-0.88 ± 0.22 (104) 

+0.13 ± 0.27(112) 

0.0010 
a p-value from a Wilcoxon Rank Sum test. 

 
To achieve the most comprehensive assessment possible of the effect of treprostinil on 
exercise capacity, we combined both assessments carried out during the 6-minute walk 
test (the primary endpoint) into a single analysis.  This analysis accounts for the 
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interdependence of the change in walk distance and the change in effort (as measured 
by the Borg score) in evaluating the effect of treprostinil on the ability of patients to 
exercise.  To do so, changes in both the 6-minute walk distances and Borg scores at the 
end of double-blind treatment (at 1, 6 and 12 weeks) were simultaneously compared 
between treatment groups using nonparametric analysis of covariance within the 
framework of the extended Cochran-Mantel-Haenszel test (analogous to the primary 
analysis methodology).  The details of this methodology are presented in Appendix C.   
 
The rationale behind this analysis is straight-forward, i.e., to rank a patient’s overall 
exercise outcome, both the rank of the distance outcome and symptom outcome should 
be taken into account by calculating their average.  For example, if a patient had a rank 
of 0.5 for walk distance (indicating that their adjusted change from baseline was at the 
median of the distribution of all walk changes), but a rank of 0.9 for Borg score 
(indicating that they had a highly favorable change in their Borg score), their combined 
rank would be 0.7, which corresponds to an overall outcome at the 70th percentile 
across all patients.  Conversely, a highly favorable walk change would be mitigated (or 
even nullified) by an unfavorable change in Borg score.   
 
The results for Weeks 1, 6 and 12 are presented in Figures 3.6.1B, 3.6.1C and 3.6.1D, 
respectively.  The vertical axis on each plot represents the proportion of patients within 
each treatment group who received a combined rank of at least the corresponding value 
on the horizontal axis.  The vertical separation between these curves represents the 
proportion of patients in each treatment group who achieved any given level of 
response.  As can be seen by comparing the effect at Weeks 1, 6 and 12, the magnitude 
of separation between the two treatment groups increased as a function of the duration 
of treatment with treprostinil.  At the end of double-blind therapy (Figure 3.6.1D), about 
60% of patients in the treprostinil group but only about 40% of patients in the placebo 
group had a combined rank of at least 0.5 (the median combined response). This vertical 
separation of 20% is approximately twice the separation between treatment groups that 
was seen when the 6-minute walk was used as the sole measure of clinical effect.   
 
This analysis reveals that a much larger proportion of patients benefited from treatment 
with treprostinil than can be envisioned based on an assessment of walk distance alone.  
It is also noteworthy that the P values for this analysis of the treatment effect were 
P=0.0011 for study P01:04 and P= 0.0024 for study P01:05, and the P value for the two 
trials combined was P=0.0000084.  Hence, when both components of the exercise 
capacity are considered together, the treatment effect associated with the use of 
treprostinil is larger, more consistent and more meaningful than an analysis of walk 
distance alone.  If one focused only on 6-minute walk distance (without considering the 
Borg scores), one would observe the treatment effect but would fail to appreciate the 
true impact of treatment on the ability of patients to tolerate exercise or on their overall 
sense of well-being. 
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Figure 3.6.1B   Combined Rank Analysi s  of Change s  in 6-Minute Walk Distance and 
B org Dy spnea S core at Week 1 
 

 
 
 
 

Figure 3.6.1C  Combined Rank Analysi s  of Change s  in 6-Minute Walk Distance and 
B org Dy spnea S core at Week 6 
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Figure 3.6.1D  Combined Rank Analysi s  of Change s  in 6-Minute Walk Distance and 
B org Dy spnea S core at Week 12 

 
 
 
(3) - Contribution of Principal Reinforcing Endpoints 
 
The first two approaches to assessing the clinical meaningfulness of the treatment effect 
of treprostinil focused on measurements carried out during the 6-minute walk test.  
However, it was the sponsor’s intent to utilize additional measures of efficacy (in addition 
to the effects on the primary endpoint) in judging the efficacy of treatment.  As a result, 
the sponsor took the unusual step of prespecifying three principal reinforcing endpoints, 
which were intended to have priority over other secondary measures of the treatment 
effect.  As shown below, treprostinil produced consistent and important improvements in 
the principal reinforcing endpoints related to symptoms and signs of heart failure and the 
dyspnea-fatigue rating.  These additional data — when taken together with the 
information on exercise tolerance (as assessed by both distance and symptoms) — 
provide strong evidence that the effect of treprostinil in patients with pulmonary arterial 
hypertension is clinically meaningful.   

 
3.6.2 Principal Reinforcing Endpoints 
 
3.6.2.1  Symptoms and Signs of Pulmonary Hypertension 
 
The first of the principal reinforcing endpoints was the assessment of symptoms and 
signs of pulmonary hypertension. The assessment of symptoms is the most direct and 
clinically meaningful way of evaluating clinical status, since the assessment of symptoms 
and signs mimics precisely the usual interaction that occurs between patients and 
physicians during a routine office visit.  In addition, this approach allows for the 
evaluation of symptoms that occur spontaneously or at rest, including those that are not 
related to or evoked by exercise (and thus do not limit exercise tolerance). 
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A total of 8 symptoms and 8 physical signs were evaluated in each of the two major 
trials.  Patients were asked about the presence or absence of each symptom and sign at 
the start of the study (before randomization) and again at the end of double-blind 
treatment.  In completing this part of the case report form, investigators were not able to 
report symptoms that had improved but had not resolved.  Similarly, this part of the case 
report form was designed to only detect symptoms that developed for the first time 
during the study but not symptoms that were originally present but had deteriorated.  
 
To facilitate analysis of these data, the sponsor prespecified that information regarding 
the emergence or resolution of symptoms and signs were to be combined into a single 
score.  Each symptom or sign was assigned a value of –1, 0 or +1, depending on 
whether the symptom or sign had emerged (-1) or resolved (+1).  If the symptom or sign 
was present at both the start and end of the study (or was absent at both the start and 
end of the study), a value of 0 was assigned (even if the symptom or sign had improved 
or deteriorated).  The values of the 16 symptoms and signs were summed to yield a 
composite score. 
 
As shown in Table 3.6.2.1A., treprostinil therapy was associated with a significant 
improvement in the composite score of symptoms and signs of pulmonary hypertension 
after 12 weeks.  This effect was apparent when studies P01:04 and P01:05 were 
considered individually or combined. 

 
Table 3.6.2.1A Change in Compo site S core Reflecting Sign s  and 
S ymptom s  of Pulmonary Hyperten sion After 1, 6 and 12 Week s of 
Treatment  

Improvement from Baseline 
Mean ± SE  (N) Analysis Population 

 Treatment Group Week 1 Week 6 Week 12 
Pooled 04/05 
 Treprostinil 
 Placebo 
 p-valuea 

 
0.8± 0.12 (230) 

0.6 ± 0.11 (233) 

0.2460 

 
1.0 ± 0.15 (216) 

0.3 ± 0.13 (227) 
0.0048 

 
0.9 ± 0.16 (201) 

-0.1 ± 0.15 (217) 

<0.0001 
Study P01:04 
 Treprostinil 
 Placebo 
 p-value 

 
0.9 ± 0.19  (111) 

0.7 ± 0.19 (110) 

0.7197 

 
1.2 ± 0.23 (107) 

0.4 ± 0.19 (107) 

0.0178 

 
0.9 ± 0.26 (97) 

-0.1 ± 0.22 (103) 

0.0107 

Study P01:05 
 Treprostinil 
 Placebo 
 p-value 

 
0.8 ± 0.16  (119) 

0.5 ± 0.13 (123) 

0.1880 

 
0.8 ± 0.19 (109) 

0.3 ± 0.16 (120) 

0.1152 

 
1.0 ± 0.20 (104) 

-0.0 ± 0.20 (114) 

0.0004 
aP-value from a Wilcoxon rank sum test.    

 
 
The sponsor recognizes that the composite score (although prespecified before the blind 
was broken) represents an arbitrary approach to the analysis of these data — an 
approach that assumes that all symptoms and signs have the same clinical weight.  
From both a clinical and regulatory perspective, such an assumption is not likely to be 
valid, since changes in symptoms (which are experienced by the patient) are more 
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clinically relevant than changes in signs (which are primarily apparent to the physician).  
Indeed, from a regulatory perspective, changes in physical signs might be viewed as 
surrogate markers and not as direct measures of patient benefit.  It is therefore important 
not only to evaluate the effect of treprostinil on a composite score but also on the 
individual symptoms that characterize patients with pulmonary hypertension.  The effect 
of treatment on individual symptoms at Week 12 is summarized in Table 3.6.2.1B.  The 
data are displayed as the number resolved or developed in the numerator over the 
number of patients in whom the symptom could resolve (i.e., present at baseline) or 
develop (i.e. absent at baseline). 
 

Table 3.6.2.1B. Changes  in Individual Symptom s  at Week 12 (Pooled P01:04/05)  
 Placebo Treprostinil  

 Resolved Developed Resolved Developed P Value 

Dyspnea 4/219 1/2 8/201 0/0 0.122 

Fatigue 12/189 12/32 17/182 5/19 0.063 

Chest pain 37/82 30/139 48/82 8/119 0.002 

Dizziness 35/98 33/123 55/100 27/101 0.021 

Syncope 11/17 7/204 15/16 1/185 0.062 

Orthopnea 14/65 30/155 29/60 17/141 0.003 

Edema 25/101 29/120 36/81 18/120 0.028 

Palpitations 25/92 22/129 46/102 27/99 0.100 

 

The symptom data reveal an interesting pattern.  In patients assigned to placebo, for 
most symptoms, the number of patients who developed the symptom was generally 
about the same as the number of patients in whom the symptom resolved — a pattern 
consistent with no overall net benefit.  In contrast, in patients assigned to treprostinil, for 
each symptom, the number of patients in whom the symptom resolved greatly exceeded 
the number in whom it appeared during the course of double-blind treatment.  
Differences in the distribution of responses always favored treprostinil with nominal P 
values for the pooled data generally < 0.10 (despite the low power of these individual 
symptom analyses).   The consistency of the response in favor of treprostinil across all 
symptoms of pulmonary hypertension is noteworthy, particularly since the responses in 
this table reflect the complete resolution of old symptoms or emergence of new 
symptoms rather than reports of partial improvement or deterioration. 
 
In its review of these data, the FDA has raised the possibility that the data shown in 
Table 3.6.2.1B may have been influenced by partial degrees of unblinding as a result of 
a predilection of treprostinil to cause infusion site reactions or pain.  The sponsor 
understands that presumptions about the identity of the study medication (based on 
recognition of a characteristic adverse effect) could lead both patients and physicians to 
report some improvement in symptoms based on expectations that the study medication 
must be exerting some benefit.  However, this type of unblinding is unlikely to account 
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for the results shown in Table 3.6.2.1B.  To obtain the data in Table 3.6.2.1B, patients 
were not asked if symptoms had improved or worsened but were asked if symptoms 
were present or absent.  Thus, patients could only identify and report symptoms that had 
appeared for the first time or resolved completely since the previous visit.   
 
Could unblinding have influenced the results under these conditions?  The sponsor 
believes that this is unlikely for three reasons: 
 

1. Although it is possible to imagine that unblinding could lead patients to report 
varying degrees of improvement, unblinding is unlikely to lead to reports of 
complete resolution.  Reports of complete resolution were consistently more 
common in the treprostinil group.   

 
2. Even if one could envision scenario #1, it is even more unlikely that unblinding 

would lead a patient to fail to report a new symptom that had not been previously 
experienced.  Reports of the new development of symptoms were consistently 
less common in the treprostinil group. 

 
3. Even if one could envision scenario #2, it is important to recognize that 

symptoms vary in their ability to be influenced by the occurrence of unblinding.  
Many of the symptoms listed in Table 3.6.2.1B are subjective, but some (e.g., 
syncope) represent objective events and not simply reports of patient 
impressions.  It is therefore noteworthy that syncope developed for the first time 
in 7 patients in the placebo group but only one patient in the treprostinil group. 

 
 
3.6.2.2  Dyspnea-Fatigue Rating 
 
Patients treated with treprostinil experienced a progressive improvement in the dyspnea-
fatigue rating during the 12-week treatment period that was not seen in the placebo 
group.  The difference between placebo and treprostinil was significant at the end of 
double-blind treatment, and at Week 6, whether the studies were considered together or 
individually, Table 3.6.2.2.   

 
  



UNITED THERAPEUTICS CORPORATION 

US NDA No. 21-272   9 August 2001 
Remodulin  Injection – Briefing Document 

39 

Table 3.6.2.2 Change in Dy spnea-Fatigue Rating 
Change from Baseline 

Mean ± SE  (N)  
Week 1 Week 6 Week 12 

Pooled 04/05 
 Treprostinil 
 Placebo 
 p-valuea 

 
0.21 ± 0.08 (229) 
0.02 ± 0.08 (233) 

0.0170 

 
0.79 ± 0.12 (218) 
0.19 ± 0.11 (227) 

0.0001 

 
1.23 ± 0.13 (201) 

- 0.14 ± 0.13 (216) 
<0.0001 

Study P01:04 
 Treprostinil 
 Placebo 
 p-value 

 
0.23 ± 0.14 (111) 
0.14 ± 0.13 (110) 

0.3637 

 
0.85 ± 0.18 (108) 
0.11 ± 0.17 (107) 

0.0023 

 
1.15 ± 0.18 (97) 

- 0.24 ± 0.21 (102) 
<0.0001 

Study P01:05 
 Treprostinil 
 Placebo 
 p-value 

 
0.19 ± 0.09 (118) 

- 0.08 ± 0.08 (123) 
0.0106 

 
0.74 ± 0.16 (110) 
0.27 ± 0.14 (120) 

0.0184 

 
1.30 ± 0.19 (104) 

- 0.06 ± 0.15 (114) 
<0.0001 

aP-value from a Wilcoxon Rank Sum test.    
 
 
Although the New York Heart Association (NYHA) functional class was not specifically 
assessed in study P01:04 or P01:05, one component of the dyspnea-fatigue rating 
(Magnitude of Task) closely resembles the NYHA classification.  This component asks 
physicians to rank the patients’ functional capacity according to a 5-point scale: 
 

• Becomes symptomatic only with extraordinary activity 
• Becomes symptomatic only with major activities 
• Becomes symptomatic only with moderate or average tasks 
• Becomes symptomatic only with light activities 
• Symptomatic at rest 

 
Of note, an improvement in at least one activity level was observed at Week 12 in 40% 
of the patients in the treprostinil group as compared with only 15% of the patients in the 
placebo group. 
 
3.6.2.3  Deaths, Transplantation or Discontinuation Due to Clinical Deterioration 
 
The frequency of death, transplantation, or discontinuation from study drug due to 
clinical deterioration was similar between the two treatment groups, Table 3.6.2.3.  
Although studies P01:04 and P01:05 were too small and brief to provide definitive data 
on morbidity and mortality, these data do not suggest an adverse effect of treprostinil on 
the natural history of pulmonary arterial hypertension. 
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Table 3.6.2.3 Mortality, Tran splantation and Dis c ontinuation of Study Drug Due to 
Clinical Deterioration 

Number of Patients (%)  

Events 
Treprostinil 

 
Pooled – 233 
01:04 – 113 
01:05 – 120 

Placebo 
 

Pooled – 236 
01:04 – 111 
01:05 - 125 

Odds Ratio 95% CI 

Deaths Within 12 Weeks 
Regardless of Transplant, 
Deterioration or AE. 

9 (3.9) 
4 (3.5) 
5 (4.2) 

10 (4.2) 
5 (4.5) 
5 (4.0) 

0.91 
0.78 
1.04 

0.3621, 2.2769 
0.2034, 2.9762 
0.2943, 3.6997 

Deaths While in Study 7 (3.0) 
4 (3.5) 
3 (2.5) 

7 (3.0) 
4 (3.6) 
3 (2.4) 

1.01 
0.98 
1.04 

0.3498, 2.9354 
0.2393, 4.0262 
0.2063, 5.2705 

Deaths or Transplantation 9 (3.9) 
4(3.5) 
5(4.2) 

11 (4.7) 
6 (5.4) 
5 (4.0) 

0.82 
0.64 
1.04 

0.3341, 2.0217 
0.1762, 2.3405 
0.2943, 3.6997 

Deaths or Transplantation or 
Discontinuation of Study 
Drug Due to Clinical 
Deterioration 

13 (5.6) 
5 (4.4) 
8 (6.7) 

16 (6.8) 
8 (7.2) 
8 (6.4) 

0.81 
0.60 
1.05 

0.3818, 1.7292 
0.1888, 1.8815 
0.3791, 2.8787 

 
 
3.6.3 Other Efficacy Measures 
 
3.6.3.1  Hemodynamic Effects 
 
After 12 weeks of treatment, treprostinil produced significant increases in cardiac output 
and decreases in pulmonary and systemic vascular resistances, mean pulmonary artery 
and mean right atrial pressures with little change in systemic blood pressure or heart 
rate (Table 3.6.3.1).  Hence, treprostinil therapy was associated with the hemodynamic 
profile that would be expected for an effective drug for the treatment of pulmonary 
arterial hypertension. 
 
 

Table 3.6.3.1 Change in Hemodynamic Variable s  After 12 Week s 

 Change from Baseline After 12 Weeks  
(Mean ±±±± SE)  

Parameter 
Treprostinil 

Pooled:  N = 163-199 
04:    N = 77-95 
05:    N = 87-104 

Placebo 
Pooled:   N = 182-215 

04:    N = 86-103 
05:    N = 96-112 

P-valuea 

HR (bpm) -0.5 ± 0.80 
-1.1 ± 1.08 
+0.1 ± 1.17 

-0.8 ± 0.74 
-1.8 ± 1.02 
-0.2 ± 1.07 

0.5133 
0.6789 
0.5677 

RAPm (mmHg) -0.5 ± 0.36 
-0.2 ± 0.52 
-0.7 ± 0.49 

+1.4 ± 0.33 
+1.3 ± 0.52 
+1.3 ± 0.42 

0.0002 
0.0649 
0.0005 

CI (L/min/m2) +0.12 ± 0.04 
+0.12 ± 0.06 
+0.12 ± 0.06 

-0.06 ± 0.04 
-0.07 ± 0.06 
-0.05 ± 0.05 

<0.0001 
0.0049 
0.0082 
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PAPm (mmHg) -2.3 ± 0.51 
-1.7 ± 0.74 
-2.9 ± 0.71 

+0.7 ± 0.58 
+0.1 ± 0.86 
+1.0 ± 0.75 

0.0003 
0.1166 
0.0006 

PVRIb 
(mmHg/L/min/m2) 

-3.54 ± 0.64 
-3.64 ± 0.97 
-3.43 ± 0.84 

+1.20 ± 0.57 
+0.96 ± 0.99 
+1.45 ± 0.65 

<0.0001 
0.0004 

<0.0001 
SAPm (mmHg) -1.7 ± 0.86 

-0.7 ± 1.25 
-2.6 ± 1.18 

-1.0 ± 0.91 
-1.0 ± 1.40 
-1.0 ± 1.18 

0.2739 
0.4172 
0.4500 

SVRIc 
(mmHg/L/min/m2) 

-3.54 ± 0.96 
-4.78 ± 1.47 
-2.29 ± 1.20 

-0.80 ± 0.85 
-0.87 ± 1.43 
-0.71 ± 1.00 

0.0012 
0.0058 
0.1037 

SvO2 (%) +2.0 ± 0.76 
+2.3 ± 1.08 
+1.8 ± 1.08 

-1.4 ± 0.65 
-1.9 ± 1.06 
-1.0 ± 0.79 

0.0001 
0.0126 
0.0035 

aP-value from ANCOVA (mITT group) adjusting for Baseline value.    
bPVRI (mmHg/L/min/m2) = [PAPm-PCWP] / CI for patients without intracardiac shunts; for patients with 
unrepaired intracardiac shunts, pulmonary blood flow was used as the flow parameter. 
cSVRI (mmHg/L/min/m2) = [SAPm-RAPm] / CI for patients without intracardiac shunts; for patients with 
unrepaired   intracardiac shunts, pulmonary blood flow was used as the flow parameter 

 
 
 
3.6.3.2  Quality of Life Assessment 

 
The effects of treprostinil on the Minnesota Living with Heart Failure Questionnaire are 
shown in Table 3.6.3.2.  It should be noted that a number of patients did not have this 
evaluation because this measure was added at the Agency’s request as a protocol 
amendment after enrollment had been initiated.  [This is the reason why this instrument 
was not even designated as a secondary endpoint.]  Thus, neither study P01:04 and 
study P01:05 was expected to have sufficient statistical power to detect a treatment 
effect when considered individually.  Nevertheless, for the two trials combined, 
treprostinil produced significant improvements in the physical dimension (P = 0.0064) 
without adversely affecting the emotional dimension.  The results of the individual 
studies were consistent with the pooled results.  A similar pattern of physical but not 
emotional improvement has been seen in trials of effective drugs for the treatment of left 
heart failure. 
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Table 3.6.3.2  Change in Quality of Life S cores  After 12 Week s 

Quality of Life Scores 
Change from Baseline to Week 12 

Mean ± SE  

Global QOL Physical 
Dimension 

Emotional 
Dimension 

Pooled 04/05 
 Treprostinil  (N=157) 
 Placebo  (N=173) 
 p-value a 

 
-6.6 ± 1.61 
-1.9 ± 1.44 

0.1746 

 
-4.5 ± 0.73 
-1.8 ± 0.65 

0.0064 

 
-1.3 ± 0.47b 
-0.3 ± 0.46 

0.3678 
Study P01:04 
 Treprostinil (N=65) 
 Placebo  (N=69) 
 p-value 

 
-5.0 ± 2.49 
-1.2 ± 2.33 

0.4345 

 
-4.3 ± 1.19 
-1.4 ± 1.05 

0.0553 

 
-1.1 ± 0.72 
-0.8 ± 0.74 

0.9840 
Study P01:05 
 Treprostinil (N=92) 
 Placebo  (N=104) 
 p-value 

 
-7.7 ± 2.12 
-2.9 ± 1.94 

0.2869 

 
-4.7 ± 0.93 
-2.2 ± 0.89 

0.0716 

 
-1.5 ± 0.62c 
-0.2 ± 0.61 

0.2480 
 ap-value from Wilcoxon Rank Sum test 
    b N=156 
    c N=91    

 
 
 

3.7 Evidence for Long-Term Effectiveness 
 

Long term efficacy (beyond 3 months) was not evaluated in prospectively designed, well 
controlled trials.  Patients who completed any one of the three controlled trial were 
allowed to receive treprostinil in an uncontrolled long-term treatment study, P01:06; only 
adverse events, dosing and laboratory chemistry were formally evaluated.  However, 
exercise testing was continued at periodic intervals at many of the centers and appeared 
to be maintained for the duration of follow-up (up to 21 months)10, Table 3.7. 

 
 
Table 3.7  Long-term Do sing and Exerci se Data from Selected Centers  in Study 
P01:06. 

Month No. Patients 
 (% of patients with specified 

duration of exposure ) 

Dosea 
(ng/kg/min) 

Exercise: Change 
from Baseline 

(meters) 
Baseline 406 (64) NA 334 ± 4.6 
6 156 (38) 16 ± 0.7 +34 ± 6 
9 112 (34) 19 ± 1.3 +34 ± 8 
12 102 (37) 25 ± 1.7 +33 ± 7 
15 63 (35) 24 ± 2.1 +37 ± 12 
18 46 (43) 31 ± 3.1 +46 ± 13 
21 15 (38) 38 ± 7.1 +55 ± 17 
aDose based only on patients with corresponding walk data  
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3.8 Conclusions Regarding Efficacy of Treprostinil 
 

The results of two identical double-blind randomized controlled trials have shown that 
treprostinil produces favorable effects in patients with pulmonary arterial hypertension.  
These benefits are observed consistently across a wide variety of efficacy measures, are 
clinically meaningful and are apparent whether the trials are considered together or 
individually. 
 
The evidence supporting the efficacy of subcutaneous treprostinil can be summarized as 
follows: 
 

• Treprostinil produced an improvement in exercise capacity (primary endpoint) 
in patients with pulmonary arterial hypertension.  Treatment led to an 
improvement in walk distance while reducing the severity of concomitant 
symptoms.  These benefits were particularly striking in patients with the most 
severe symptoms at the start of treatment (class III and IV). 

 
• Treatment with treprostinil alleviated many of the symptoms of pulmonary 

hypertension with little effect on the physical signs of the disease (a principal 
reinforcing endpoint).  When compared with placebo, patients treated with 
treprostinil were more likely to have pre-existing symptoms resolve and were 
less likely to have symptoms develop for the first time.  This was true across 
a broad range of symptoms, including those that constituted objective events 
(e.g., syncope) rather than subjective impressions (e.g., palpitations). 

 
• Treprostinil produced an improvement in additional physician and patient 

assessments, including the physician-based dyspnea-fatigue rating (a 
principal reinforcing endpoint) and the physical domain of the Minnesota 
quality of life instrument (a patient-based evaluation).  The pattern and 
magnitude of the response to treatment was similar to those seen with 
effective drugs for the management of left heart failure. 

 
• Treprostinil was associated with sustained hemodynamic benefits that are 

characteristic of those believed to be required for successful treatment of 
pulmonary arterial hypertension. 

 
These benefits were observed in an investigative environment that was specifically 
designed to minimize bias.  Specifically, unlike earlier studies in pulmonary arterial 
hypertension, the studies were double-blind and utilized independent assessors of 
exercise performance (primary endpoint).   
 
The totality and consistency of the findings indicate that the benefits of treprostinil are 
readily distinguishable from those of placebo and are clinically meaningful. 
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4 SAF ETY OF T R EP RO STINIL 

 
4.1 Introduction 
 
Treprostinil has been administered intravenously and subcutaneously to 843 patients or 
healthy volunteers in 15 clinical studies; of these, 743 patients with PAH were enrolled.  
This summary of the safety data with treprostinil will focus on studies related to the 
chronic subcutaneous administration of the drug in patients with pulmonary arterial 
hypertension; including placebo controlled studies P01:03, P01:04 and P01:05 and the 
open-label extension study, P01:06.   
 
The primary measures of safety in these studies were reports of adverse events.  Of 
important note, since there were no clinically meaningful changes in vital signs, in 
electrocardiographic intervals, in clinical chemistry or hematology indices, or in INR 
values seen in treprostinil-treated patients in placebo-controlled or open-label studies.  
Accordingly, these data are not reviewed in detail in this document. 
 
4.2 Extent of Exposure 
 
All patients completing the three controlled studies (P01:03, P01:04 and P01:05) had the 
option to receive treprostinil in the open-label extension study P01:06.  The total chronic 
exposure to treprostinil is based on all patients who received treprostinil in studies 
P01:03, P01:04 and P01:05 (whether or not they entered P01:06) and P01:06; n=679 as 
of October 1, 2000 data cut-off.  Of the 495 patients who received study medication in 
studies P01:03, P01:04 and P01:05, 445 patients were eligible to continue in the open-
label study, of whom 423 (95%) elected to enter the open-label continuation protocol 
P01:06.  In addition, 208 patients were enrolled directly into study P01:06 without having 
entered any earlier placebo-controlled trial.  As a result, a total of 631 patients were 
enrolled into study P01:06.  
 
Total chronic exposure to treprostinil for the 679 patients enrolled in chronic studies 
(P01:03, P01:04, P01:05, and P01:06) through October 1, 2000 was 483.5 patient-years 
(Table 4.2A).  The mean number of patient-years of exposure is 0.7 years; the longest 
duration of exposure is more than 2 years. 
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Table 4.2A  Duration of Expo sure to Trepro stinil in studie s  
P01:03, P01:04 and P01:05, and P01:06 combined  

DURATION OF EXPOSUREa NUMBER OF PATIENTS 
(PERCENT EXPOSED) 

Total exposed to treprostinil 679  (100) 
≥ 2 Weeks 652 (96) 

≥ 4 Weeks 614 (90) 

≥ 6 Weeks 586 (86) 

≥ 8 Weeks 556 (82) 

≥ 10 Weeks 531 (78) 

≥ 12 Weeks 508 (75) 

≥ 16 Weeks 455 (67) 

≥ 20 Weeks 426 (63) 

≥ 28 Weeks 374 (55) 

≥ 36 Weeks 325 (48) 

≥ 44 Weeks 279 (41) 

≥ 52 Weeks 224 (33) 

≥ 65 Weeks 128 (19) 

≥ 78 Weeks 47 (7) 

≥ 91 Weeks 18 (3) 

≥ 104 Weeks 12 (2) 

≥ 117 Weeks 1 (<1) 
 Total Patient-Days 176,596 
 Total Patient-Weeks 25,228 
 Total Patient-Years 483.5 
aIncludes days on which treprostinil dosing was briefly interrupted. 

 
The doses of treprostinil were adjusted over the duration of the study to reduce 
symptoms of pulmonary hypertension without producing intolerable adverse effects.  The 
mean dose of treprostinil at initiation of treatment was 1.3 ng/kg/min. Doses of 
treprostinil were subsequently adjusted during the study.  The doses used at each 
follow-up time are shown in Table 4.2B. 
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Table 4.2B   Mean Do se of Trepro stinil at the E nd of Spe cified 
Period (P01:06)  

STUDY EVALUATION 
PERIODa 

 
MEAN DOSE ± SEM 

ng/kg/min (N)b 

 
MAXIMUM DOSE 

ng/kg/min 
Initiation 1.3 ± 0.0 (631) 12.5 
Month 1 4.2 ± 0.1           (569) 35.0 
Month 2 7.3 ± 0.2 (521) 55.0 
Month 3 9.6 ± 0.3 (483) 65.0 
Month 6 15.4 ± 0.5 (384) 55.0 
Month 12 20.3 ± 0.7 (305) 65.0 
Month 15 23.9 ± 1.0 (227) 70.0 
Month 18 26.6 ± 1.5 (133) 85.0 
Month 21      29.8 ± 2.5       (52) 87.0 

a  The term, study evaluation period, refers to time from treprostinil initiation in 
previous study if the patient was randomized to treprostinil; otherwise, this term refers 
to time from treprostinil initiation in open-label study. 
b  N = total number of patients receiving a dose > 0 ng/kg/min at the end of the month 
specified 

 
 
Overall, the mean dose of treprostinil increased by approximately 3 ng/kg/min monthly 
for the first three months and then by approximately 1 ng/kg/min monthly during 
subsequent months.  The mean dose of treprostinil after 21 months of therapy was 
approximately 30 ng/kg/min.  
 
All patients had some modification to the dose of treprostinil during the study.  As 
expected, there were more dose increases than dose decreases (Table 4.2C.).  The 
number of dose increases were greatest during the first few months.  Thereafter, the 
overall number of dose increases and dose decreases occurred much less frequently (≤ 
1 per month) and remained generally stable over time.   
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Table 4.2.C  Mean Number of Change s  in the Do se of Trepro stinil at 
S pe cified Time s  During Follow-Up in Study P01:06 

STUDY EVALUATION PERIODa  DOSE 
INCREASES  

DOSE 
DECREASES   

Month 1b −  Overall: (N = 631) 4.6 ± 0.1 0.3 ± 0.0 
Month 3b −  Overall: (N = 522) 2.9 ± 0.1 0.4 ± 0.0 

Month 6 −  Overall: (N = 480) 5.8 ± 0.3 0.8 ± 0.1 

Month 12 −  Overall: (N = 383) 3.8 ± 0.2 0.6 ± 0.1 
Month 15 −  Overall: (N = 305) 2.7 ± 0.2 0.6 ± 0.1 

Month 18 −  Overall: (N = 228) 1.8 ± 0.2 0.8 ± 0.1 

Month 21 −  Overall: (N = 133) 1.5 ± 0.2 1.3 ± 0.2 
Month 24 −  Overall: (N = 51) 1.7 ± 0.3 1.3 ± 0.1 

Shown are means ± SE. 
a  The term, study evaluation period, refers to time from treprostinil initiation in previous 

study if the patient was randomized to treprostinil; otherwise, this term refers to time 
from treprostinil initiation in open-label. 

b  This time point included a duration one month (Days 1-30 or 61-90) whereas each 
evaluation period for Months 6-24 included a duration of three months.  

 
4.3 Adverse Events 

 
Nearly all patients enrolled in studies P01:03, P01:04, P01:05 and P01:06 experienced 
an adverse event; adverse events that were regarded as drug-related or severe were 
more frequent in the treprostinil group than in the placebo group, Table 4.3.  Hence, 
more patients in the treprostinil group required early discontinuation of treatment due to 
an adverse event (10% vs 3%).  However, the frequency of serious adverse events (and 
deaths) was similar in the two treatment groups.  During the open-label extension study, 
the frequency and severity of adverse events was similar to that seen in patients 
receiving active therapy in the placebo controlled trials, even though the duration of 
exposure in the open-label studies far exceeded that in the controlled trials. 
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Table 4.3  Frequency and Characteristic s  of A dverse Events Reported in 
Long-term Studie s  (Placebo-Controlled and Open-Label Studie s) 

 Number (%) of Patients 

 

 
03/04/05 

Treprostinil 
(N=253) 

 
03/04/05 
Placebo 
(N=242) 

 
P01:06 

Treprostinil 
(N=631) 

Treatment-emergent AEs    
 All AEs 248 (98) 226 (94) 599 (95) 
 Drug-relateda AEs  245 (97) 161 (67) 581 (92) 
Severe AEs    
 All 159 (63) 50 (21) 324 (51) 
 Drug-relateda  147 (58) 15 (6) 240 (38) 
Serious AEs    
 All SAEs 44 (17) 38 (16) 170 (27) 
 Drug-related SAEs 11 (4) 2 (1) 25 (4) 
Patients who required early 
discontinuation due to AEs or SAEs 26 (10) 7(3) 96 (15) 

Deaths b 9 (4) 10 (4) 36 (6) 
a ‘Drug-related’ is possibly or reasonably attributable to study drug as judged by the investigator. 
b Includes death during the 12-Week Study period, whether or not the patient was receiving 
treprostinil (intention-to-treat for planned duration of treatment). 

 
 

4.3.1 Frequency and Relation to Treatment 
 

The most common adverse events regardless of cause (Table 4.3.1A) and adverse 
events judged possibly or reasonably attributable to treprostinil (Table 4.3.1B) are shown 
in the tables below.  Adverse events that were nominally more common in patients 
receiving treprostinil included infusion site pain or reaction, diarrhea, headache, nausea, 
jaw pain, vasodilatation, edema and anorexia. All of these have been identified as 
characteristic adverse effects of prostaglandin therapy in earlier studies.  During the 
open-label extension study, the pattern and frequency of adverse events was similar to 
that seen in patients receiving active therapy in the placebo controlled trials, even 
though the duration of exposure in the open-label studies far exceeded that in the 
controlled trials. 
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Table 4.3.1A. Treatment-Emergent Adverse Events ( Regardles s  of 
Attributed Cau se) Reported by >>>> 10% of Patients in Placebo-Controlled 
and Open-Label Studies   
 Number (%) of Patients 

 
03/04/05 

Treprostinil 
(N=253) 

03/04/05 
Placebo 
(N=242) 

 
P01:06 
(N=631) 

Infusion site pain 215 (85) 64 (26) 526 (83) 
Infusion site reaction 212 (84) 64 (26) 482 (76) 
Infusion site bleed/bruise 84 (33) 104 (43) 163 (26) 
Diarrhea 68 (27) 37 (15) 184 (29) 
Headache 78 (31) 58 (24) 132 (21) 
Nausea 62 (25) 42 (17) 145 (23) 
Jaw pain 38 (15) 12 (5) 98 (16) 
Paina 35 (14) 25 (10) 92 (15) 
Dizziness 23 (9) 20 (8) 71 (11) 
Rash 33 (13) 26 (11) 70 (11) 
Pharyngitis 14 (6) 22 (9) 74 (12) 
Vasodilatation 33 (13) 12 (5) 59 (9) 

 

a This term captures all reports of aches, cramps, or pains which were not reported as pain at the 
defined sites of abdomen, back, breast, chest, flank, injection site, neck, or pelvis. 

 
 
 

Table 4.3.1.B  Treatment-Emergent Adverse E vents ( Rea sonably or 
Po s sibly Attributable to the Study Drug) Reported by >>>> 5% of Patients in 
Placebo-Controlled and Open-Label Studie s   
 Number (%) of Patients 

 
03/04/05 

Treprostinil 
(N=253) 

03/04/05 
Placebo 
(N=242) 

 
P01:06 
(N=631) 

Infusion site pain 215 (85) 60 (25) 526 (83) 
Infusion site reaction 212 (84) 53 (22) 479 (76) 
Diarrhea 60 (24) 24 (10) 170 (27) 
Headache 69 (27) 29 (12) 115 (18) 
Nausea 54 (21) 26 (11) 124 (20) 
Infusion site bleed/bruise 54 (21) 52 (22) 95 (15) 
Jaw pain 36 (14) 10 (4) 96 (15) 
Paina 30 (12) 14 (6) 77 (12) 
Vasodilatation 31 (12) 10 (4) 51 (8) 
Rash 27 (11) 16 (7) 54 (9) 
Dizziness 12 (5) 10 (4) 47 (7) 
Pruritus 16 (6) 6 (3) 31 (5) 
Edema 18 (7) 2 (1) 20 (3) 
Vomiting 14 (6) 7 (3) 24 (4) 
Anorexia 10 (4) 2 (1) 35 (6) 

a This term captures all reports of aches, cramps, or pains which were not reported as pain at the 
defined sites of abdomen, back, breast, chest, flank, injection site, neck, or pelvis. 
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4.3.2 Relation of Adverse Events to Dose and Duration of Exposure 
 

In all of the long-term studies with treprostinil, initial exposure to study drug was always 
at a dose of approximately 1.25 ng/kg/min and higher doses were subsequently 
achieved only during prolonged exposure to study drug.  As a result, it is difficult to 
distinguish the influence of dose from that of duration on the frequency or severity of 
adverse events, particularly in studies where neither dose nor duration was randomly 
assigned.  Despite these inherent limitations, analyses of the relation of adverse events 
to dose and duration of exposure are of interest. 
 
Table 4.3.2A displays the dose of onset for all treatment-emergent adverse events that 
occurred in greater than 10% of the patients enrolled in Study P01:06.  [Multiple 
occurrences of the same AE within a patient were counted only once by dose group 
according to the lowest dose at onset.]  The onset of infusion site reactions and infusion 
site pain were reported most frequently at very low doses of treprostinil (e.g., ≤ 2.5 
ng/kg/min).  In contrast, other adverse events characteristic of therapy with treprostinil 
were generally seen with higher doses (e.g., > 10 ng/kg/min).  These observations 
suggest that — among all of the adverse events related to treatment with treprostinil — 
the occurrence of infusion site pain/reaction is most likely related to the magnitude 
(and/or rapidity) of change in the infusion rate rather than the dose of the drug. 
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Table 4.3.2A Adverse E vents Reported in >10% of Patients, Di splayed by Do se at 
On set, in Study P01:06   

DOSES (ng/kg/min) 
Adverse 
event >0 

to 
≤≤≤≤2.5 

>2.5 
to 

≤≤≤≤5.0 

>5.0 
to 

≤≤≤≤10.0 

>10.0 
to 

≤≤≤≤20.0 

>20.0 
to 

≤≤≤≤40.0 

>40.0 
to 

≤≤≤≤60.0 
>60 All 

# Patients 
Receiving 
Dose 

624 543 486 385 208 60 14 631 

Infusion Site 
Pain 296 (47) 84 (15) 98 (20) 77 (20) 13 (6) 2 (3) 0 (0) 520 (82) 

Infusion Site 
Reaction 277 (44) 87 (16) 110 (23) 83 (22) 21 (10) 2 (3) 0 (0) 480 (76) 

Diarrhea 38 (6) 21 (4) 41 (8) 57 (15) 29 (14) 5 (8) 1 (7) 183 (29) 

Infusion Site 
Bleed/Bruise 84 (13) 34 (6) 26 (5) 30 (8) 9 (4) 0 (0) 0 (0) 162 (26) 

Nausea 41 (7) 18 (3) 40 (8) 35 (9) 11 (5) 4 (7) 1 (7) 144 (23) 

Headache 54 (9) 23 (4) 16 (3) 28 (7) 14 (7) 4 (7) 0 (0) 130 (21) 

Jaw Pain 14 (2) 11 (2) 29 (6) 25 (6) 17 (8) 3 (5) 0 (0) 98 (16) 

Pain 26 (4) 10 (2) 19 (4) 26 (7) 16 (8) 7 (12) 1 (7) 91 (14) 

Pharyngitis 16 (3) 9 (2) 24 (5) 14 (4) 8 (4) 5 (8) 2 (14) 72 (11) 

Dizziness 26 (4) 5 (1) 12 (2) 23 (6) 9 (4) 0 (0) 1 (7) 71 (11) 

Rash 24 (4) 7 (1) 14 (3) 15 (4) 11 (5) 1 (2) 1 (7) 70 (11) 
a This term captures all reports of aches, cramps, or pains which were not reported as pain at the defined 
sites of abdomen, back, breast, chest, flank, injection site, neck, or pelvis. 

Multiple occurrences of the same AE within a patient were counted only once by dose group according to 
the lowest dose at onset. 
 
 
A similar conclusion can be reached by analyzing the frequency of reports of adverse 
events as a function of the duration of treatment with treprostinil.  All 254 patients who 
had complete safety data for at least 72 weeks were evaluated for the frequency of 
reports during specified time intervals, Table 4.3.2B.  The analysis was confined to 
patients completing 72 weeks to minimize the possibility that the discontinuation of 
patients due to an adverse event may have created a bias that would have inaccurately 
decreased the frequency of reports of specific adverse events. For this analysis, if an 
adverse event occurred on Day 1 and continued through Week 48, it is recorded for 
each time interval except the final interval. 
 
Table 4.3.2.B shows that the incidence of adverse events decreases with increasing 
duration of exposure.  This was particularly true of localized events (infusion site pain 
and reaction), but it was also valid for systemic events (diarrhea, headache, nausea).  
These data are consistent with the hypothesis proposed based on the data presented in 
Table 4.3.2.A that the occurrence of infusion site pain/reaction is most likely related to 
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the magnitude (and/or rapidity) of change in the infusion rate rather than the absolute 
dose of the drug. 
 

 
Table 4.3.2B. Frequenc y of Reports of Drug-Related Adver se Events O c curring in 
>10% of Patients Treated For At Least 72 Weeks During Spe cific  Intervals of 
Follow-Up (P01:06); N=254. 

Adverse Event Day 1 Day 2 –  
Week 12 

Weeks  
13-24 

Weeks  
25-47 

Weeks 
48-72 

Infusion site 
reaction   10% 83% 57% 47% 43% 
Infusion site pain 12% 88% 54% 43% 39% 
Diarrhea 2% 18% 15% 16% 12% 
Headache 6% 21% 10% 12% 7% 
Nausea 3% 15% 11% 11% 7% 
Jaw Pain 1% 11% 9% 9% 6% 
Paina 1% 13% 7% 7% 6% 
Infusion site 
bleed/bruise 6% 16% 7% 7% 5% 
Vasodilatation 2% 11% 6% 4% 5% 
Rash 2% 11% 4% 4% 3% 

aThis term captures all reports of aches, cramps, or pains which were not reported as pain at the defined 
sites of abdomen, back, breast, chest, flank, injection site, neck, or pelvis. 

 
 
4.3.3 Adverse Events Leading to Reduction in Dose 
 
The ability to increase dose was limited primarily due to the occurrence of an adverse 
event, primarily one related to the infusion site.  Similarly, adverse experiences related to 
the infusion site were the most common reason for dose reduction (Table 4.3.3).   
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Table 4.3.3. Treatment-E mergent Adverse Events Requiring Do se 
R edu ction (Oc curring in ≥≥≥≥  1% of Patients) in S tudy P01:06  

COSTART Preferred Term Number (%) of Patients Having Event 
  Infusion Site Pain 156 (25) 
  Infusion Site Reaction 56 (9) 
  Diarrhea 27 (4) 
  Nausea 25 (4) 
  Headache 23 (4) 
  Dizziness 12 (2) 
  Pain 11 (2) 
  Heart Failure 10 (2) 
  Vomiting 9 (1) 
  Hypotension 9 (1) 
  Jaw Pain 8 (1) 
  Vasodilation 8 (1) 
  Pulmonary Hypertension 7 (1) 
  Hypoxia 5 (1) 
  Asthenia 5 (1) 
  Edema 4 (1) 
  Abdominal Pain 4 (1) 

 
4.3.4 Adverse Events Leading to Withdrawal of Treprostinil 

 
About 15% of patients who were enrolled in placebo-controlled trials or in open-label 
studies discontinued treatment with treprostinil due to an adverse event.  Infusion site 
pain was the most common reason for premature discontinuation (Table 4.3.4) leading 
to the withdrawal of treatment in about 7% of patients enrolled in studies P01:03, P01:04 
and P01:05 (duration of treatment = 8-12 weeks) and in about 14% of patients enrolled 
in study P01:06 (mean duration of treatment = 9.6 months).  Hence, with prolonged 
therapy, the rate of discontinuations due to infusion site pain diminishes considerably.  
Other reasons for premature discontinuation are very infrequent and were generally 
related to the underlying disease.   
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Table 4.3.4 Adverse Events Leading to Dis continuation of Study Drug in 
Two or More Patients in Long-Term Studie s  with Trepro stinil (Placebo 
C ontrolled and Open L abel Trials)  

Number (%) of Patients 
Adverse Experience 03/04/05 

Treprostinil 
(N=253) 

03/04/05 
Placebo 
(N=242) 

 
P01:06b 
(N=631) 

Infusion site pain 17 (7) 0 (0) 88 (14) 
Infusion site reaction 8 (3) 0 (0) 22 (3) 
Heart failure 2 (1) 0 (0) 11(2) 
Pulmonary hypertension 1 (<1) 4 (2) 6 (<1) 
Infusion site bleed/bruise 2 (1) 0(0) 1 (<1) 
Chest Pain 2 (1) 1 (<1) 1 (<1) 
Paina 0 (0) 0 (0) 2 (<1) 
Shock 2 (1) 1 (<1)) 0 (0) 
Anxiety 2 (1) 0 (0) 0 (0) 
a This term captures all reports of aches, cramps, or pains which were not reported as pain at the 
defined sites of abdomen, back, breast, chest, flank, injection site, neck, or pelvis. 
b Includes patient data through October 1, 2000 cut-off date 

 
 
 

4.4 Serious Adverse Events 
 
4.4.1 General Considerations 

 
In the long-term controlled studies P01:03, P01:04 and P01:05, serious adverse events 
were reported in 44 (17.4%) of the patients in the treprostinil group as compared with 38 
(15.7%) of the patients in the placebo group, Table 4.3.  In addition, there were 170 
patients (27%) with serious adverse events in study P01:06, who were reported as of the 
cut-off date of October 1, 2000.  The vast majority of these serious adverse events 
reflected the clinical course of pulmonary arterial hypertension.   
 
Very few serious adverse events were considered related to the administration of the 
study drug.  In the controlled trials (P01:03/04/05) there were 11 patients with possibly or 
probably attributable serious adverse events in the treprostinil group (4.3%), as 
compared with 2 (0.8%) on placebo, Tables 4.3 and 4.4.1A.   
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Table 4.4.1A. Seriou s  A dverse Events Po s sibly or Reasonably Attributable 
to the Study Drug in Placebo Controlled Trials with Trepro stinil  

Number (%) of Patients 
Adverse Experience 03/04/05 

Treprostinil 
(N=253) 

03/04/05 
Placebo 
(N=242) 

Vomiting 2 (1) 0 (0) 
Heart Failure 1 (<1) 1(<1) 
Syncope 1 (<1) 1 (<1) 
Dehydration 1 (<1) 0 (0) 
Diarrhea 1 (<1) 0 (0) 
Hemolytic Anemia 1 (<1) 0 (0) 
Headache 1 (<1) 0 (0) 
Hemorrhagic Gastritis 1 (<1) 0 (0) 
Infusion Site Pain 1 (<1) 0 (0) 
Infusion Site Reaction 1 (<1) 0 (0) 
Melena 1 (<1) 0 (0) 
Neck Pain 1 (<1) 0 (0) 
Pain 1 (<1) 0 (0) 
Hypotension 1 (<1) 0 (0) 
Chest Pain 1 (<1) 0 (0) 
Exacerbation of Pulmonary Hypertension 1 (<1) 0 (0) 

 
 
Many of these events are typical complications of PAH.  In particular, the syncopal 
episodes that were judged as possibly attributable to UT-15 were also judged as due to 
PAH.  Importantly, treprostinil was routinely continued at the same or higher doses in 
these patients following the event.  Given the course of these patients after their events, 
it is likely that most of these events were related predominantly to the underlying 
disease.  The three cases that are the most likely to have been caused by UT-15 are the 
hypotension, chest pain, and exacerbation of PAH in patient 02001 that resulted from an 
overdose of UT-15; the hypotension and hypoxemia that occurred in patient 20002 and 
resolved with reduction in the dose of UT-15; and the episode of symptomatic 
hypotension in patient 61007 that was successfully treated with intravenously 
administered normal saline. 
 
In study P01:06 there were 25 patients (4%) with drug-related serious adverse events, 
Table 4.3; thus the increased duration of exposure does not appear to increase the 
incidence of serious adverse events.  
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Table 4.4.1B. Seriou s  A dverse Events Con sidered to be Po s sibly or 
R ea sonably Attributable to Study Drug in Study P01:06  

ADVERSE EVENT  
(PREFERRED TERM) 

NUMBER (%) OF 
PATIENTS 

Any Adverse Event 25 (4) 
   Hypotension 4 (1) 
   Infusion Site Pain 3 (0) 
   Hypoxia 3 (0) 
   Heart Failure 2 (0) 
   Infusion Site Bleed/Bruise 2 (0) 
   Nausea 2 (0) 
   Nausea and Vomiting 2 (0) 
   Syncope 2 (0) 
   Confusion 1 (0) 
   Chest Pain 1 (0) 
   Dizziness 1 (0) 
   Dyspnea 1 (0) 
   Generalized Edema 1 (0) 
   Headache 1 (0) 
   Hypochromic Anemia 1 (0) 
   Infusion Site Infection 1 (0) 
   Infusion Site Reaction 1 (0) 
   Kidney Failure 1 (0) 
   Pruritus 1 (0) 
   Thrombocytopenia 1 (0) 
   Vasodilatation 1 (0) 
   Vomiting 1 (0) 

 
 
4.4.2 Clinical Events of Special Importance (Deaths, Transplants and 

Discontinuations Due to Clinical Deterioration) 
 

No patient died in Study P01:03.   In Study P01:04/05, there were 9 deaths out of 236 
patients in the treprostinil group (3.9%) and 10 deaths in the 233 patients randomized to 
placebo (4.1%), including deaths that occurred after discontinuation of study drug but 
within the 12-week study period (Table 3.6.2.3).  Three of these deaths in the treprostinil 
group and three in the placebo group occurred after discontinuation of the study 
medication.   
 
Of the nine deaths on treprostinil, six were considered related to cardiac 
decompensation from the underlying disease.  The three other patients who died had as 
their cause of death sepsis following attempted abortion in one patient and catastrophic 
events related to cardiac catheterization in two patients.  None of the deaths were 
attributed to treatment with treprostinil. 
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Of 631 patients enrolled in Study P01:06, 36 patients died (5.7%) while receiving 
treprostinil (on study), and 15 additional deaths occurred within 30 days of discontinuing 
treprostinil.  Typically these deaths were attributed to either to progression of pulmonary 
hypertension or related cardiovascular events. All deaths were thought to be “not 
reasonably attributable” to treprostinil.   
 
There were no transplants during Study P01:03 and one transplant on placebo in Study 
04/05.  There were four transplants during the course of Study P01:06. 
 
Six patients in each of the placebo and treprostinil group in study P01:04/05 had to stop 
the study medication because of clinical deterioration and thus became candidates for 
open-label epoprostenol.  There were no such patients in study P01:03 and 40 such 
patients (6%) in study P01:06. 

 
 

4.5 Special Considerations Regarding Adverse Events 
 

4.5.1 Infusion Site Pain and Its Management 
 

The safety data presented earlier in this section indicate that the major adverse effect of 
treprostinil therapy is injection site pain or reaction.  This adverse event occurs in about 
85% of treated patients and is generally related to the rapidity of changes in the infusion 
rate.  Therefore, it characteristically occurs early in treatment when the patient has been 
started on low doses and may recur or intensify following subsequent dose increments.  
Injection site pain or reaction is the major reason for limiting dose increments of 
treprostinil, for initiating dose reductions or for the withdrawal of treatment. 
 
Despite the symptomatic importance of injection site pain or reaction, experience with 
treprostinil in the treatment of pulmonary arterial hypertension suggests that pain is 
generally a bothersome but manageable side effect of therapy.  In most patients pain 
can be minimized, substantially controlled or eliminated by careful dose escalation, a 
reduction in the dose of treprostinil, heat or cold packs, topical medications, common 
analgesics, anti-inflammatory agents, and infrequently, prescription opioids.  Importantly, 
this localized effect, although discomforting, does not expose patients to any additional 
risks and does not compromise their overall clinical status.  This is apparent from the 
fact that injection site pain/reaction has frequently been characterized as a severe but 
not as a serious adverse event.  Consequently, the sponsor believes that the severity of 
this adverse reaction can be fully weighed against the clinical benefits of treatment by 
both the patient and the physician on a case-by-case basis.  This is precisely what 
happened in the treprostinil trials.  In these studies, the proportion of patients 
discontinuing treatment because of infusion site pain was only 7% of patients in the 
controlled trials (mean duration 3 months) and only 14% in the open-label study (mean 
duration 9.6 months). 
 
Nevertheless, the FDA has questioned whether the pain experienced by patients as a result of 
treatment with treprostinil is so disabling that patients require continuous treatment with narcotic 
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analgesics to be able to receive the drug.  The sponsor has addressed this concern by providing 
information on three points:  
 

• How were narcotic analgesics prescribed in the controlled trials (P01:03/04/05)? 
• How were narcotic analgesics prescribed in the open-label study (P01:06)? 
• How were narcotic analgesics actually used during long-term treatment? 

 
In studies P01:04 and P01:05, medications prescribed to treat infusion site pain were 
captured on a dedicated case report form, which recorded the name and dose of the 
drug, its route and proposed frequency of use, and start and stop dates.  The pain 
medications were generally prescribed on as “as needed” basis; the case report form did 
not capture information about actual use.  Table 4.5.1A shows the number of patients in 
the treprostinil treatment group for whom narcotic analgesics were prescribed to treat 
infusion site pain.  Approximately one-fourth of patients were given a prescription for a 
narcotic analgesic; in only 6% was this a schedule II opioid. 
 

Table 4.5.1A Proportion of Trepro stinil Patients Who Were Pre s cribed Narcotic  
Analge sic s  to Treat Injection Site Pain in Studies  P01:04 and P01:05 (N=236 
patients)  

 N (%) 
All Opioids 64 (27) 
Schedule II and III Opioids 45 (19) 
Schedule II Opioids  14 (6) 

 
 
Interestingly, the prescribing of narcotic analgesics to manage injection site pain varied enormously 
among centers.  Of the 35 centers participating in Study P01:04 and P01:05 who had patients on 
treprostinil, 40% of the centers never prescribed any narcotic analgesics for the management of 
infusion site pain and 77% never prescribed Schedule II opioids in the patients enrolled in these 
trials, Table 4.5.1B. 
 
 

Table 4.5.1B Proportion of Centers That Never Pre s cribed Narcotic  A nalge sic s  to 
Treat Injection Site Pain in Studie s P01:04 and P01:05 (35 centers)  

 N (%) 
Any Opioids  14 (40) 
Any Schedule II and III Opioids 15 (43) 
Any Schedule II Opioids   27 (77) 

 
 
In study P01:06, although the duration of the open-label study was far longer than the 
duration of the controlled clinical trials (a mean of 9.6 months vs 3.0 months), the 
prescription of narcotic in the open-label study was not greater and in fact was slightly 
less than in the controlled trials (Table 4.5.1C). 
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Table 4.5.1C. Proportion of Patients Who Were Pre s cribed Narcotic  Analge sic s  to 
Treat Injection Site Pain At Any Time in Study P01:06 (N=631 patients)   

 N (%) 
All Opioids 135 (21) 
Schedule II and III Opioids  97 (15) 
Schedule II Opioids  30 (5) 

 
 
As in Studies P01:04 and P01:05, the prescribing of narcotic analgesics in study P01:06 
varied greatly among centers.  Approximately 34% of centers did not prescribe opioids to 
manage infusion site pain, and most centers (71%) did not prescribe Schedule II opioids. 
 
Tables 4.5.1B and 4.5.1C show data about the prescribing but not the actual use of 
narcotics.  To address actual use, the sponsor (following discussion with the FDA) 
undertook an effort to quantify the actual use of narcotic analgesics by patients receiving 
treprostinil.  Accordingly, all centers participating in study P01:06 were asked to contact 
each of the 545 patients still on treatment and to ask about their use of opioids on the 
day prior to being contacted.  [This provides a “snapshot” of the actual use of opioids at 
a fixed time.]  Contact was successfully made in 535 of the 545 patients (98%).  As 
shown in Table 4.5.1D., the frequency of use of narcotic analgesics was low (only 8%), 
and in particular, the frequency of use of Schedule II opioids was extremely low (only 
1%).   
 
 

Table 4.5.1D. A ctual U s e of Narcotic Analge sic s  in Patients Re ceiving Trepro stinil 
on Day Prior to Contact (N=535 patients)  

 N (%) 
All Opioids 45 (8) 
Schedule II & III Opioids  30 (6) 
Schedule II Opioids  7 (1) 

 
 
In conclusion, although narcotic analgesics are sometimes prescribed to treat injection 
site pain in patients receiving treprostinil, such practice largely reflects the prescribing 
preferences of the patient’s physician.  Some patients receive opioids prophylactically; 
others receive these drugs intermittently; very few receive these drugs on a daily basis; 
and some patients never receive opioids to manage injection site pain. 
 
4.6 Overdose 
 
Fifteen patients experienced an overdose of treprostinil during the clinical development 
program.  The most common error leading to overdose was an accidental bolus 
administration (n = 6) while flushing the infusion line after inserting it subcutaneously.  
The next most common errors were incorrectly setting the program for the infusion pump 
(n= 3) or changing the concentration of the infusate without changing the infusion rate 
(n=2).  In addition, in three cases, treprostinil was erroneously supplied to patients who 
had been on placebo.  One other case is unexplained, but possibly was an error by the 
site staff.  This patient, the very first to enter Study P01:03, had a six-fold higher plasma 
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concentration than expected and had a marked hypotensive response.  In each case in 
which an excess treprostinil led to an adverse event, the event was non-serious and the 
patient recovered quickly after infusion was interrupted or restored to the correct rate. 
 
In 13 of these 15 patients the overdose caused adverse effects (Table 4.6), all 
characteristic of prostaglandin treatment.  Among the remaining two patients, one patient 
did not experience any adverse effect and in the other, the dose and symptoms could 
not be discerned from the case report form. 
 

 
   

Table 4.6.   Adver se Events During 
Overdo sing with Trepro stinil 
Adverse Event Number of Events 
Nausea 6 
Headache 5 
Vomiting 3 
Flushing 3 
Dizziness/Near Syncope 3 
Hypotension 2 
Diarrhea 2 
Body Pain 2 
Infusion Site Pain/reaction 2 

    
 
Interestingly, systemic events predominate over local site reactions during acute 
overdose of the drug.  Nausea, headache, diarrhea, vomiting, and various body pains 
lasting several hours are the typical presentations.  Dizziness, near syncope and 
hypotension are more commonly noted after overdose than during slow uptitration of the 
drug.  These cases were self-limited and could be managed by withholding the infusion 
for several hours until symptoms of drug excess resolved.   
 
4.7 Conversion of Epoprostenol to Treprostinil 

 
In Study P01:11 patients who were receiving but requiring withdrawal of treatment with 
intravenous epoprostenol were offered treatment with subcutaneous treprostinil.  Typical 
reasons included severe or recurrent infusion line complications (especially sepsis) or 
severe pain.  Treprostinil was to be initiated at a dose not to exceed one-half the current 
dose of intravenous epoprostenol.  The dose of treprostinil was to be maintained at least 
six hours, during which time the dose of epoprostenol was to be adjusted downward 
slowly, in no more than 2 ng/kg/min amounts.  After at least six hours, the dose of 
treprostinil was increased by a maximum of one-half of the initial treprostinil dose and 
epoprostenol was simultaneously titrated downward.  This process was continued until 
epoprostenol was discontinued and the patient was stable on treprostinil.  Systemic 
dose-limiting adverse experiences were first managed with reduction in the dose or 
discontinuation of epoprostenol, but the dose of treprostinil could be reduced, if 
necessary. 



UNITED THERAPEUTICS CORPORATION 

US NDA No. 21-272   9 August 2001 
Remodulin  Injection – Briefing Document 

61 

 
As of May 1, 2001, eight patients (6 men, 2 women; age range 29-54) have been safely 
withdrawn from intravenous epoprostenol and transitioned to subcutaneous treprostinil, 
Table 4.7.  Patients had a variety of pulmonary hypertension etiologies including primary 
pulmonary hypertension (n=5), connective tissue disease (n=1), congenital heart 
disease (n=1), and HIV infection (n=1). Prior to the transition, all patients had improved 
symptoms with epoprostenol therapy and were clinically stable, except patient 1153002 
whose pulmonary hypertension was reported as worsening at the time of transition.  The 
highest epoprostenol dose at initiation of transition to treprostinil was 75 ng/kg/min. 

 
Table 4.7  Summary of Study P01:11 ( Epopro s tenol to Trepro stinil conversion 
study) 

Patient 
Number 

Reason for 
epoprostenol 

withdrawal 

Time on 
epoprostenol 

prior to 
transition 
(months)  

Epoprostenol 
dose at 

initiation of 
transition 

(ng/kg/min) 

Treprostinil 
dose at 

completion 
of transition 
(ng/kg/min) 

Time to 
transition 

(hours) 

Time on 
treprostinil 
(months) 

1102001 Recurrent 
paradoxical 

emboli 

5 3.5 3 24 15 

1121001 Central line 
infections 

29 26 15 50 5 

1121002 Jaw/leg pain, 
line infections 

36 75 65 120 3 

1129001 Line infections 
& septicemia 

26 22.5 23.3 42 2 

1129002 Line infections, 
epidermal 
necrosis 

33 40 36.6 54 2 

1153001 Line infections 21 15 7 36 9 
1153002 Severe 

headache, jaw 
pain & diarrhea 

30 13 10 22 6 

1153003 Line infections 
& septicemia 

19 18 16 22 5 

 
Doses of treprostinil at the completion of the transition were approximately equal to the 
doses of epoprostenol immediately prior to withdrawal.  The period of transition to 
treprostinil ranged from 1 to 5 days.  Doses of treprostinil were increased in 1 to 10 
ng/kg/min increments while doses of epoprostenol were reduced by 2 to 10 ng/kg/min 
decrements. 
 
During transition, adverse events were infrequent, were typical of excess prostacyclin 
(including headache, flushing and restlessness) and were readily managed with 
reduction or discontinuation of epoprostenol.  Patients also reported mild-to-moderate 
treprostinil infusion site reactions.  No exacerbation of symptoms of pulmonary 
hypertension was observed during the transition.  No serious adverse events attributable 
to discontinuation of epoprostenol or initiation of treprostinil were reported in any patient.  
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Patient 1102001 experienced a serious cerebral vascular accident, which the 
investigator attributed to the central venous catheter used to infuse epoprostenol; this 
patient was being transitioned from epoprostenol to treprostinil due to recurrent 
paradoxical cerebral emboli.   

 
All eight patients are alive; seven remain stable on treprostinil.  One patient (1153002) 
experienced worsening pulmonary hypertension with epoprostenol therapy and 
continues to have worsening symptoms with treprostinil.   
 
 
4.8 Conclusions Regarding Safety 
 
The results of two identical double-blind randomized controlled trials and an open-label 
follow-up study have shown that treprostinil is predictably accompanied by injection site 
pain or reactions.  However, treatment with treprostinil is not characterized by the 
serious and potentially life-threatening side effects that can accompany the use of 
intravenous epoprostenol — the only drug presently approved for the treatment of 
pulmonary arterial hypertension. 
 
The following summarizes our present knowledge about the occurrence of injection site 
pain or reaction with treprostinil.   
 

• This adverse event occurs in about 85% of treated patients and is generally 
related to the rapidity of changes in the infusion rate.  Therefore, it 
characteristically occurs early in treatment when the patient has been started 
on low doses and may recur or intensify following subsequent dose 
increments.   

 
• Injection site pain or reaction is the most common reason for being unable to 

increase the dose of treprostinil, for reduction in dose, or for the withdrawal of 
treatment. 

 
• In general, infusion site pain can be substantially controlled or eliminated by 

careful dose escalation, a reduction in the dose of treprostinil, change in the 
infusion site, heat or cold packs, topical medications, common analgesics, 
anti-inflammatory agents, and infrequently, prescription opioids.   

 
• The incidence of adverse events decreases with increasing duration of 

exposure.  This was particularly true of localized events (infusion site pain 
and reaction), but it was also valid for systemic events (e.g., diarrhea, 
headache, nausea).   

 
• In clinical trials control of injection site pain has been sufficiently successful 

such that less than 10% of treated patients in 8-12 week controlled trials and 
less than 15% of treated patients in long-term open-label studies have found 
the severity of pain to outweigh the clinical benefits produced by treatment. 
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Other adverse events that were more common in patients receiving treprostinil than 
those treated with placebo include headache, diarrhea and nausea, jaw pain, 
vasodilatation, edema and anorexia. All of these have been identified as characteristic 
adverse effects of prostaglandin therapy in earlier studies.   
 
There were no clinically meaningful changes in vital signs, in electrocardiographic 
intervals, in clinical chemistry or hematology indices, or in INR values seen in 
treprostinil-treated patients in placebo-controlled or open-label studies.  Moreover, the 
general adverse event profile characterized in placebo-controlled studies remained 
remarkably consistent with more prolonged exposure. 
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5 B EN EFIT-TO-RISK CONSIDE RATION FO R THE US E OF 
TR EP RO STINIL FOR THE T R EATMENT OF PULMONARY 
ART E RIAL HYP E RT EN SION 

 
5.1 Limitations of Existing Therapy 
 
Pulmonary arterial hypertension is a rare but serious disorder with very limited 
therapeutic options.  At present only one drug (epoprostenol) is approved for the 
treatment of pulmonary arterial hypertension, but use of epoprostenol requires 
implantation of an indwelling intravenous line, and short- and long-term use of such lines 
is associated with clinically significant risk of complications, which include: 
 

• risk of trauma and pneumothorax with catheter placement 
• risk of local site infection from the catheter 
• risk of sepsis from the catheter 
• risk of thrombosis of the catheter 
• risk of dislodgment or perforation of the catheter 
• risk of stroke (due to paradoxic embolus) from the catheter 
• risk of cardiovascular collapse from interruption of the infusion 
• risk of cardiovascular collapse from infusion pump malfunction 
 

Approximately 14% of patients evaluated in long-term trials with epoprostenol developed 
sepsis (some reported more than one episode), which occurred at a rate of 0.32 
infections per patient per year.  In addition, 14-21% developed local infections related to 
the delivery system.  These complications constitute established risks of an indwelling 
catheter and are unavoidable. Occlusion, dislodgement and other mechanical and 
technical difficulties with the indwelling catheters are also frequent occurrences, the 
majority of which lead to serious adverse reactions.  Among the most serious of these 
complications are malfunctions of the catheter or the infusion pump that result in sudden 
cessation of the infusion of epoprostenol.  Because epoprostenol has a very short 
duration of action (approximately 1-2 minutes), sudden termination of the infusion not 
only leads to a loss of efficacy but also to rebound pulmonary hypertension, which 
becomes manifest as cardiovascular collapse.   
 
During the development of epoprostenol, the potential of such serious adverse 
consequences was deemed so important that patients with only mild symptoms of 
pulmonary hypertension (class II patients) were excluded from clinical trials with the 
drug.  Current labelling for epoprostenol continues to exclude class II patients because 
of these risks.  Fortunately, because of its longer half-life (approximately 3-4 hours) and 
subcutaneous route of delivery, the administration of treprostinil has not been 
complicated by sepsis during long-term use or by cardiovascular collapse following the 
abrupt cessation of treatment. 
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The potential for life-threatening complications is sufficiently well recognized that many 
patients who might otherwise be candidates for epoprostenol do not receive treatment 
with the drug.  This may occur because they have experienced an adverse effect from 
the drug or from its delivery system or do not wish to subject themselves to the 
considerable inconvenience and serious risks of treatment.  At the present time, there is 
no effective treatment for such patients.  For such individuals, treprostinil represents an 
alternative way of receiving effective prostanoid therapy, thereby addressing an 
important unmet need. 
 
 
5.2 Ability of Treprostinil to Fulfill Unmet Need 
 
In considering the approval of epoprostenol for the treatment of pulmonary arterial 
hypertension, the FDA relied on changes in 6-minute walk distance, symptoms of 
pulmonary hypertension, the dyspnea-fatigue rating and hemodynamic variables in 
reaching a favorable decision on the drug.  Epoprostenol was approved, even though 
the data with the drug were collected in an open-label manner without a placebo control 
as the drug required implantation and maintenance of an indwelling central venous 
catheter for continuous infusion, which carried its own risks.  Given the unmet need for 
an effective treatment for patients with pulmonary arterial hypertension, the FDA 
concluded that the ratio of benefit to risk was in the patients’ favor.  United Therapeutics 
is well aware of the complexity of this decision, since we were the team that developed 
epoprostenol for the treatment of pulmonary arterial hypertension for our former 
employer (Burroughs Wellcome, now GlaxoSmithKline). 
 
Despite the approval and availability of epoprostenol, there still remains an unmet need 
for a safe and effective treatment for patients with pulmonary arterial hypertension who 
cannot tolerate epoprostenol or its delivery system or who do not wish to have or to care 
for an indwelling intravenous line.  The data collected in three controlled trials with 
treprostinil strongly support the hypothesis that the drug is an effective approach to the 
treatment of this disease, which is free of the life-threatening risks associated with 
continuous intravenous therapy.  Treprostinil has been shown to improve all of the 
efficacy measures that were favorably affected by epoprostenol in its trials.  Yet, it 
should be noted that the efficacy of treprostinil has been demonstrated in double-blind 
placebo controlled trials, whereas epoprostenol was evaluated only in open-label studies 
where no placebo was administered.  The consistency of the benefits of treprostinil was 
apparent across the three trials carried out with the drug and across all clinically relevant 
variables measured in the studies.   
 
The sponsor understands that, in its review of treprostinil, the FDA believes that the 
effects of treprostinil seen in its controlled trials were of smaller magnitude than the 
effects of epoprostenol seen in its controlled trials.  The sponsor would suggest, 
however, that any comparison of the magnitude of effect of different treatments in 
different trials is always inherently suspect and should be carried out with great caution 
(if ever).  This is particularly true if one drug has been evaluated in double-blind studies 
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(treprostinil) and the other drug has been evaluated in open-label studies without a 
placebo control (epoprostenol).  Drug effects in open-label studies are always larger 
than those in double-blind trials. Comparisons of treprostinil and epoprostenol are further 
complicated by the fact that the trials with epoprostenol (but not those with treprostinil) 
excluded patients with class II symptoms, which tend to show the smallest response to 
drug treatment.   
 
Furthermore, in the sponsor’s view, it is inadequate to characterize the magnitude of the 
treatment effect of treprostinil by focusing on a single isolated measure of efficacy, i.e., 
the distance traversed during a 6-minute walk test.  Instead, it is more useful to consider 
the totality of data (including the symptoms experienced by the patient during the 
conduct of the test).  The following paragraphs summarize the key points regarding 
efficacy: 
 

• When both distance and symptoms were considered together as important 
components of functional capacity, patients in the treprostinil group exercised 
further with fewer symptoms than patients in the placebo group.   

 
• When compared with placebo, patients treated with treprostinil were more 

likely to have pre-existing symptoms resolve completely and were less likely 
to have symptoms develop for the first time.  This was true across a broad 
range of symptoms, including those that constituted objective events (e.g., 
syncope) rather than simply subjective impressions (e.g., palpitations). 

 
• Treprostinil produced improvements in the physician-based dyspnea-fatigue 

rating and the patient-based physical domain of the Minnesota quality of life 
instrument. 

 
• Treprostinil was associated with sustained hemodynamic benefits that are 

characteristic of those believed to be required for successful treatment of 
pulmonary arterial hypertension. 

 
These benefits were observed in an investigative environment that was specifically 
designed to minimize bias, i.e., unlike earlier studies in pulmonary arterial hypertension, 
the studies were double-blind and utilized independent assessors of exercise 
performance.   
 
Therefore, one can conclude that the spectrum of benefits seen with treprostinil are 
qualitatively identical to those seen with epoprostenol — with one possible exception.  In 
one trial with epoprostenol which enrolled a total of 81 patients, there were fewer deaths 
in patients treated with epoprostenol than in those assigned to the control group (0 
deaths in epoprostenol group vs. 8 deaths in the control group, nominal P < 0.05).  Such 
a dramatic difference in mortality rates was not observed in trials with treprostinil.  
However, the mortality finding with epoprostenol can hardly be considered robust, given 
the small number of patients and events and given a greater severity of illness before 
randomization in the patients assigned to the control group.  It is not likely that — if 
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epoprostenol were evaluated in another trial of 81 patients or in a much larger study — 
that a survival benefit would be observed.  Indeed, little difference in mortality was 
observed with epoprostenol in a second (and larger) controlled trial of patients with 
pulmonary arterial hypertension (secondary to scleroderma) carried out following initial 
approval of the drug. 
 
Even if one were to believe that the magnitude of the benefits of treprostinil was smaller 
than that of epoprostenol, the relation of benefit to risk is nevertheless likely to be more 
favorable with treprostinil than with epoprostenol.  Based on the observations in trials 
with both drugs, epoprostenol’s larger postulated effect (if present) would need to be 
considered in relation to the greater rigors and substantiated risks associated with use of 
the intravenous drug.  For patients who can tolerate and are willing to accept such risks, 
epoprostenol can be an excellent choice.  For patients who cannot or will not tolerate 
such risks, treprostinil represents an excellent alternative. 
 
 
5.3 Relation of Benefit to Risk 
 
Given the benefits of treprostinil, what risks should be considered in reaching a 
conclusion about the relation of benefit to risk? 
 
Treatment with treprostinil is frequently accompanied by injection site pain or reactions, 
which may be bothersome and require active management. However, this localized 
effect, although discomforting, does not expose patients to any additional risks and does 
not compromise their overall clinical status.  The severity of this adverse reaction can be 
fully weighed against the clinical benefits of treatment by both the patient and the 
physician on a case-by-case basis.   
 
This is precisely what happened in the treprostinil trials.  In these studies, the proportion 
of patients discontinuing treatment with treprostinil because of pain is low, i.e., only 7% 
of patients in the controlled trials (mean duration 2-3 months) and only 14% in the open-
label study (mean duration 9.6 months).  These low withdrawal rates indicate that most 
patients viewed the symptomatic benefit as more meaningful than the discomfort they 
experienced. 
 
Although narcotic analgesics are sometimes prescribed to treat injection site pain in 
patients receiving treprostinil, such practice largely reflects the prescribing preferences 
of the patient’s physician.  Some patients are prescribed opioids prophylactically, and 
others receive these drugs intermittently; very few use these drugs on a daily basis. 
 
As a result, the subcutaneous administration of treprostinil therapy produced favorable 
and clinically relevant effects in patients with pulmonary arterial hypertension and can be 
expected to improve the lives of many patients with symptoms of the disease.  The 
clinical benefits of treprostinil are not negated by any apparent risk, including the 
occurrence of infusion site pain and reaction.   
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NDA 21-272 
 PRODUCT INFORMATION 
 
REMODULIN  (treprostinil sodium) 
Injection 

(a) Description 

Remodulin (treprostinil sodium) Injection is a sterile sodium salt formulated for subcutaneous 
administration.  Remodulin is supplied in 20 mL multi-use vials in four strengths, containing 1.0 mg/mL, 
2.5 mg/mL, 5.0 mg/mL or 10.0 mg/mL of treprostinil.  Each mL also contains 5.3 mg sodium chloride (except 
for the 10.0 mg/mL strength which contains 4.0 mg sodium chloride), 3.0 mg metacresol, and 6.3 mg sodium 
citrate.  Sodium hydroxide and hydrochloric acid may be added to adjust pH between 6.0 and 7.2. 

Treprostinil is a tricyclic benzindene analogue of epoprostenol (prostacyclin, PGI2) with potent pulmonary 
and systemic vasodilatory activity.  Treprostinil is a potent inhibitor of platelet aggregation in vitro  and in 
vivo.  Treprostinil is chemically stable at room temperature and neutral pH. 

Treprostinil is (1R,2R,3aS,9aS)-[[2,3,3a,4,9,9a-Hexahydro-2-hydroxy -1-[(3S)-3-hydroxyoctyl]-1H-
benz[f]inden-5-yl]oxy]acetic acid monosodium salt.  Treprostinil sodium has a molecular weight of 412.49 
and a molecular formula of C23H33NaO5. 

The structural formula of treprostinil is: 

OCH 2CO2

H

H

OH

OH

Na  

 

(b) Clinical Pharmacology 

General:  The major pharmacological actions of treprostinil are direct vasodilation of pulmonary and 
systemic arterial vascular beds, and inhibition of platelet aggregation.  In animals, the vasodilatory effects 
reduce right and left ventricular afterload and increase cardiac output and stroke volume.  The effect of 
treprostinil on heart rate in animals varies with dose.  No major effects on cardiac conduction have been 
observed. 

(1) Pharmacokinetics: 

In humans, following the initiation of subcutaneous infusion of Remodulin, steady-state plasma 
concentrations are usually achieved within 15 to 18 hours.  Steady-state plasma concentrations of 
treprostinil are dose-proportional at subcutaneous infusion rates of 2.5 to 15 ng/kg/min; however, it 
is not known if the proportionality between dose and steady-state plasma levels is maintained at 
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infusion rates greater than 15 ng/kg/min.  REMODULIN when administered chronically as a 
subcutaneous infusion is completely absorbed and has a mean apparent elimination half-life of 3 
hours compared to 45 minutes when administered intravenously.  The mean volume of distribution 
and plasma clearance for treprostinil are 1.1 L/kg and 589 mL/kg/hr, respectively. 

In a [14C] treprostinil mass balance and metabolic fate study in healthy volunteers, 78.6% and 13.4% 
of the subcutaneous radioactive dose were recovered in the urine and feces, respectively, over a 
period of 224 hours.  There was no single major metabolite observed.  Five metabolites were 
detected in the urine, ranging from 10.2% to 15.5%. of the dose administered  These five 
metabolites accounted for a combined total of 64.4%.   Three are products of oxidation of the 
3-hydroxyloctyl side chain, one is glucuronide conjugate (treprostinil glucuronide) and one is 
unidentified.   Only 3.7% of the dose was recovered in the urine as unchanged parent drug. 

In a chronic pharmacokinetic study in normal volunteers with chronic subcutaneous Remodulin 
doses ranging from 2.5 to 15 ng/kg/min, steady state plasma treprostinil concentrations achieved 
peak levels twice (at 1 a.m. and 10 a.m., respectively) and achieved trough levels twice (at 7 a.m. and 
4 p.m., respectively).  The peak concentrations were ~20% to 30% higher than trough 
concentrations.  Dose adjustments are not deemed to be necessary due to diurnal variation. 

(2) Special Populations:  

Hepatic Insufficiency: An acute study of Remodulin™ administered subcutaneously at a 
dose of 10 ng/kg/min for 150 minutes was conducted in nine patients with portopulmonary 
hypertension and stable , mild or moderate hepatic dysfunction.  Remodulin was well 
tolerated and improved cardiopulmonary hemodynamics.  Hepatic dysfunction reduced 
plasma clearance of Remodulin by up to 80% compared to healthy adult volunteers 
primarily by lowering the volume of distribution without effecting plasma half-life.  
Remodulin should be increased more conservatively in patients with hepatic dysfunction 
and these patients should be closely monitored for signs and symptoms or emergence of 
AEs due to excess Remodulin. 

Renal Insufficiency:  No studies have been performed in patients with renal impairment.  
Treprostinil is not excreted to any significant degree by the kidney; however, patients 
with renal impairment may have different sensitivities (usually increased sensitivity) to 
agents.  Based on the individual patient dose titration recommended for Remodulin, doses 
of Remodulin should be increased more conservatively in patients with renal 
insufficiency. 

Obese Patients:  Obese subjects (BMI greater than 30.0 kg/m2) clear treprostinil at a 
slower rate.  Since doses of Remodulin are increased from very low initial doses to doses 
that improve disease symptoms while minimizing adverse effects, dosing to ideal body 
weight in obese patients should not be necessary. 

Clinical Trials in Pulmonary Arterial Hypertension (PAH): 

Hemodynamic Effects:  Acute infusion of Remodulin at 10 ng/kg/min intravenously for 75 minutes 
followed by a 10 ng/kg/min infusion subcutaneously for 150 minutes, in patients with primary 
pulmonary hypertension produced increases in cardiac index (CI) and mixed venous oxygen 
saturation (SvO2), and decreases in mean pulmonary arterial pressure (PAPm) , mean right atrial 
pressure (RAPm) and pulmonary vascular resistance indexed (PVRI), with little effect on mean 
systemic arterial pressure (SAPm) or heart rate (HR). 

Chronic continuous, subcutaneous infusion of Remodulin in NYHA Class II, III or IV patients with 
PAH was studied in two identical, 12-week, double-blind, placebo-controlled, multicenter, parallel-
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group, randomized trials comparing Remodulin plus conventional therapy to conventional therapy 
alone.  Dosage of Remodulin was determined as described in DOSAGE AND ADMINSTRATION 
and averaged 9.3 ng/kg/min at Week 12.  Conventional therapy used to treat patients with PAH 
included some or all of the following:  anticoagulants, oral vasodilators, diuretics, digoxin, and 
oxygen. 

As the two studies were identical in design and conducted simultaneously, results were analyzed 
both pooled and individually.  As shown in Table 1, hemodynamic effects after chronic therapy 
with Remodulin™ were generally consistent with the pharmacological effects seen acutely.  There 
were statistically significant increases in CI and SvO2, and statistically significant decreases in 
PAPm, RAPm, PVRI and SVRI in patients treated with Remodulin for 12 weeks compared to patients 
treated with placebo.  Heart rate and SAPm were unchanged.  In patients with pulmonary 
hypertension, elevated RAPm and PAPm, and reduced CO and SvO2 are predictive of mortality. 

 

Table 1:  Hemodynamics During Chronic Administration of Remodulin in Patients with PAH 

 

Hemodynamic 
Parameter 

Baseline Mean change from baseline at Week 
12 

 Remodulin 
(N=204-231) 

Placebo 
(N=215-235) 

Remodulin 
(N=163-199) 

Placebo 
(N=182-215) 

CI 
(L/min/m2) 

2.37 ± 0.06 2.24 ± 0.05 +0.12 ± 0.04* -0.06 ± 0.04 

PAPm 
(mmHg) 

61.8 ± 1.16 59.9 ± 0.96 -2.3 ± 0.51* +0.7 ± 0.58 

RAP 
(mmHg) 

10.3 ± 0.38 10.0 ± 0.39 -0.5 ± 0.36* +1.4 ± 0.33 

PVRI 
(mmHg/L/min/m2) 

26.51 ± 0.97 25.11 ± 0.87 -3.54 ± 0.64* +1.20 ± 0.57 

SVRI 
(mmHg/L/min/m2) 

37.87 ± 1.05 39.23 ± 1.02 -3.54 ± 0.96* -0.80 ± 0.85 

SvO2  
(%) 

61.5 ± 0.70 60.2 ± 0.77 +2.0 ± 0.76* -1.4 ± 0.65 

SAPm 
(mm Hg) 

89.6 ± 0.92 90.7 ± 0.89 -1.7 ± 0.86 -1.0 ± 0.91 

HR 
(bpm) 

82.4 ± 0.83 82.1 ± 0.97 --0.5 ± 0.80 -0.8 ± 0.74 

*Denotes statistically significant difference between Remodulin and placebo, p<0.0005 
CI = cardiac index; PAPm = mean pulmonary arterial pressure; PVRI = pulmonary vascular pressure 
indexed; RAPm = mean right atrial pressure, SAPm = mean systemic arterial pressure; SVRI = 
systemic vascular resistance indexed; SvO2 = mixed venous oxygen saturation, HR = heart rate 

 

Clinical Effects:  Exercise capacity, as measured by the six-minute walk test, improved significantly 
in patients receiving continuous subcutaneous Remodulin plus conventional therapy (N=232) for 
12 weeks compared to those receiving conventional therapy plus placebo (N=236) (p=0.0064).  
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Improvements were apparent as early as Week 6 of therapy.  Increases in exercise capacity were 
accompanied by statistically significant improvements in dyspnea and fatigue, as measured by the 
Dyspnea-Fatigue Rating and Borg Scale.  Signs and symptoms of PAH and Quality of Life also 
improved. 

(c) Indications and Usage 

Remodulin™ is indicated for the long-term subcutaneous treatment of Pulmonary Arterial Hypertension in 
NYHA Class II, III, and IV patients. (see Clinical Pharmacology: Clinical Trials). 

(d) Contraindications 

Remodulin in contraindicated in patients with known hypersensitivity to the drug or to structurally related 
compounds  

(e) Warnings 

Remodulin has been administered intravenously in acute clinical trials with no unexpected adverse effects.  
However, no chronic controlled trials have been performed with intravenous Remodulin therefore it is 
indicated for subcutaneous use only. 

(f) Precautions  

(1) General  

Remodulin should be used only by clinicians experienced in the diagnosis and treatment of PAH.   

Remodulin is a potent pulmonary and systemic vasodilator.  Initiation of Remodulin must be 
performed in a setting with adequate personnel and equipment for physiologic monitoring and 
emergency care.  Dosage adjustments in clinical trials were based on the patient’s signs and 
symptoms of PAH and side effects of Remodulin.  Dosage of Remodulin should be adjusted at the 
first sign of recurrence or worsening of symptoms attributable to PAH or the occurrence of 
intolerable adverse events associated with Remodulin. (see DOSAGE and ADMINISTRATION) 

The decision to initiate therapy with Remodulin should be based on the understanding that there is 
a high likelihood that subcutaneous therapy with Remodulin will be needed for prolonged periods, 
possibly years, and the patient’s ability to administer Remodulin and care for an infusion system 
should be carefully considered.  As with any potent vasodilator, abrupt withdrawal or sudden large 
reductions in dosage of Remodulin may result in worsening of PAH symptoms.  In clinical trials, no 
patient death from discontinuation of Remodulin was judged attributable to the interruption of 
Remodulin.  Only three of 55 (5%) patients with abrupt disruption of Remodulin developed 
increased symptoms of PAH, and no patients developed hemodynamic instability.  In addition, 
among patients who discontinued Remodulin abruptly, no relationship has been established 
between abrupt discontinuation and rebound pulmonary hypertension. 

(2) Information for patients  

Patients receiving Remodulin should be given the following information:  Remodulin is infused 
continuously through a subcutaneous catheter, via an infusion pump.  The decision to receive 
Remodulin should be based upon the understanding that therapy with Remodulin will be needed 
for prolonged periods, possibly years, and the patients ability to accept, place and care for a 
subcutaneous catheter and to use an infusion pump should be carefully considered.  Additionally, 
patients should be aware that subsequent disease management may require the initiation of an 
intravenous therapy. 
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(3) Drug interactions  

Additional reductions in blood pressure may occur when Remodulin™ is administered with 
diuretics, anthihypertensive agents, or other vasodilators.  When other antiplatelet agents or 
anticoagulants are used concomitantly, there is the potential for Remodulin to increase the risk of 
bleeding.  However, patients receiving Remodulin in clinical trials were maintained on 
anticoagulants without evidence of increased bleeding.  No untoward clinical manifestations have 
been observed in patients in whom Remodulin was used concurrently with the following classes of 
drugs: anticoagulants, diuretics, cardiac glycosides, calcium channel blockers, analgesics, 
antipyretics, nonsteroidal anti-inflammatories, opioids, corticosteroids, and other medications.  
Chronic subcutaneous Remodulin administration required concomitant therapies to manage 
adverse events associated with the use of Remodulin.  Adverse events associate with these 
concomitant therapies may occur and should be handled as medically appropriate. 

Effect of Other Drugs on Treprostinil 

The effect of large daily doses of acetaminophen (4g/day) on the kinetics of treprostinil 
was investigated in a healthy volunteer study.  The results demonstrate that 
acetaminophen does not have any clinically important effect on the pharmacokinetics of 
treprostinil.   Treprostinil did not significantly affect the plasma protein binding of digoxin 
or warfarin when evaluated in human plasma at physiologic concentrations.  In a 
multivariate analysis of treprostinil plasma clearance values obtained in two controlled 
trials, 6% of the variability in treprostinil plasma clearance values could be explained by 
the presence of furosemide (both treprostinil and furosemide undergo glucoronidation at 
the carboxylate group during metabolism).  Based on the modest suggestion of an 
interaction, a reduction in dose in patients receiving furosemide is not recommended, 
although patients should be monitored for excess adverse effects of Remodulin. 

 

Effect of Treprostinil on Other Drugs 
In Vitro  Studies 

Results from an in vitro  study in human hepatic microsomes demonstrated that 
treprostinil does not significantly inhibit the following P450 isoforms - CYP1A2, CYP2C9, 
CYP2C19, CYP2D6, CYP2E1, and CYP3A4.  In a separate study which investigated the 
induction effect of treprostinil on rat liver microsomal cytochrome P450 enzymes, 
treprostinil was found to lack any significant induction effect on (CYP1A), (CYP2B) and 
(CYP3A). 

In Vivo Studies 

Treprostinil had no effect on warfarin pharmacodynamics as measured by the effect on 
INR.  Treprostinil also had no effect on the pharmacokinetics of either the R- or S- 
enantiomer of warfarin. 

(4) Carcinogenesis, mutagenesis, impairment of fertility  

Long-term studies have not been performed to evaluate carcinogenic potential.  In vitro  and in vivo 
mutagenicity studies did not demonstrate any mutagenic or clastogenic effects of treprostinil.  
Treprostinil was not teratogenic in pregnant rats at doses up to 900 ng/kg/min.  No developmental 
toxicity was seen in rabbits at 50 ng/kg/min.  In reproductive performance studies in rats, 
treprostinil had no effect on male on female fertility at doses up to 450 ng/kg/min. 
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(5) Pregnancy  

Pregnancy Category B.  No developmental toxicity was seen in rats at any dose of treprostinil up to 
900 ng/kg/min and in rabbits at 50 ng/kg/min.  In pregnant rabbits, developmental toxicity 
characterized by minimal increases in fetal skeletal variations per litter was observed at doses of 150 
and 300 ng/kg/min and was associated with maternal toxicity.  There are no adequate and well-
controlled studies in pregnant women.  Remodulin should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 

(6) Nursing mothers  

It is not known whether treprostinil is excreted in human milk or absorbed systemically after 
ingestion.  Because many drugs are excreted in human milk, caution should be exercised when 
Remodulin™ is administered to nursing women. 

(7) Pediatric use  

Safety and effectiveness in pediatric patients have not been established.  Clinical studies of 
Remodulin did not include sufficient numbers of patients aged <16 years to determine whether they 
respond differently from older patients.  In general, dose selection should be cautious.  

(8) Geriatric use  

Clinical studies of Remodulin did not include sufficient numbers of patients aged 65 and over to 
determine whether they respond differently from younger patients.  In general, dose selection for 
an elderly patient should be cautious, reflecting the greater frequency of decreased hepatic, renal 
or cardiac function and of concomitant disease or other drug therapy.   

(g) Adverse Reactions 

Interpretation of AEs reported during clinical trials should be undertaken with an awareness of expected 
events attributable to the progression of the underlying disease, to Remodulin, and/or to the drug delivery 
system. 

Interpretation of adverse events is complicated by the clinical features of PAH, which are similar to some of 
the pharmacological effects of Remodulin (e.g., dizziness, syncope).  Adverse events probably related to the 
underlying disease include dyspnea, fatigue, chest pain, right ventricular heart failure, and pallor.  Several 
adverse events can clearly be attributed to Remodulin, the most common of which is pain at the infusion 
site, tolerated by a majority of patients.  Other adverse events include infusion site reaction, diarrhea, jaw 
pain, edema, vasodilatation and nausea.  Infusion site reaction was defined as any local adverse event other 
than infusion site pain or infusion site bleeding/bruising, such as erythema, induration, or rash. 
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Adverse Events During Chronic Dosing:  In an effort to separate the adverse effects of Remodulin™ from 
those of the underlying disease, Table 2 lists adverse events that occurred at a rate at least 5% more 
frequently in patients treated with Remodulin than with placebo in controlled trials in PAH. 

 

Table 2:  Frequency of Adverse Events Regardless of Attribution Occurring in Patients 
with PAH with >5% Difference Between Remodulin and Placebo in Controlled Studies 

Adverse Event UT- 
(N=236) 
N (%) 

Placebo 
(N=233) 
N (%) 

Occurrence More Common with Remodulin 

General (Body as Whole)   

 Jaw pain 31 (13.1) 11 (4.7) 

Gastrointestinal (Digestive)   

 Diarrhea 58 (24.6) 36 (15.5) 

Metabolic and Nutritional   

 Edema 21 (8.9) 6 (2.6) 

Neurological/Nervous   

 Vasodilatation 25 (10.6) 11 (4.7) 

Skin and Appendages   

 Infusion site pain 200 (84.7) 62 (26.6) 

 Infusion site reaction 196 (83.1) 62 (26.6) 

Occurrence More Common with Placebo 

Hematologic and Lymphatic   

 Ecchymosis 9 (3.8) 27 (11.6) 

Respiratory   

 Cough 7 (3.0) 19 (8.2) 

Skin and Appendages   

 Infusion site bleed/bruise 79 (33.5) 102 (43.8) 
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Table 3 lists all adverse events reported in controlled clinical trials of patients with PAH, that were 
significantly more frequently encountered in the Remodulin™ group than in the placebo group, regardless 
of attribution. 

Table 3:  AEs That Were Significantly (p<0.1) More Frequently Encountered in the 
Remodulin Group Than in the Placebo Group, Regardless of Attributability 

AE Description, 
as COSTART Preferred Term 

Number of events 
Remodulin-group / 

placebo group 

p-value  

Any AE 231 / 218 0.0173 
   

Infusion site pain 200 / 62 <0.0001 

Infusion site reaction 196 / 62 <0.0001 

Diarrhea 58 / 36 0.0091 

Jaw pain 31 / 11 0.0010 

Vasodilatation 25 / 11 0.0127 

Edema 21 / 6 0.0026 

Anorexia 11 / 4 0.0592 

Epistaxis 10 / 4 0.0904 

Nausea and vomiting 7 / 2 0.0909 

Hypokalemia 5 / 0 0.0316 

Melena 5 / 0 0.0316 

 

Adverse Events Attributable to the Drug Delivery System in PAH Controlled Trials:  There were no reports 
of infection related to the drug delivery system.   There were 187 infusion system complications reported in 
28% of patients (23% Remodulin, 33% placebo); 173 (93%) were pump related and 14 (7%) related to the 
infusion set.  Eight of these patients (4 Remodulin, 4 placebo) reported non-serious adverse events resulting 
in infusion system complications.  Adverse events resulting from problems with the delivery system did not 
lead to clinical instability or rapid deterioration, although in some cases PAH symptoms reappeared. 

(h) Overdosage 

Signs and symptoms of overdose with Remodulin during clinical trials are similar to expected dose-limiting 
pharmacological effects of Remodulin, including flushing, headache, hypotension, nausea, vomiting, and 
diarrhea.  Most events were self-limiting and resolved with reduction or withholding of Remodulin. 

In controlled clinical trials, seven patients received some level of overdose and in the chronic, uncontrolled 
trial seven additional patients received an overdose; these occurrences resulted from accidental bolus of 
Remodulin, errors in pump programmed rate of administration and prescription of incorrect dose.  In only 
two cases did excess delivery of Remodulin produce an event of substantial hemodynamic concern 
(hypotension, near-syncope).  No deaths occurred as a result of overdose. 
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(i) Dosage and Administration 

 
Remodulin™ is supplied in 20 mL vials in concentrations of 1.0 mg/mL, 2.5 mg/mL, 5.0 mg/mL and  
10.0 mg/mL. 

Initial Dose: 

Remodulin is administered by continuous subcutaneous infusion.  The infusion rate is initiated at 
1.25 ng/kg/min.  If this initial dose cannot be tolerated, the infusion rate should be reduced to 0.625 
ng/kg/min. 

Dosage Adjustments: 

The goal of chronic dosage adjustments is to establish a dose at which PAH symptoms are 
improved, while achieving an acceptable side effect profile.  The infusion rate should be adjusted 
based on PAH signs and symptoms and Remodulin side effects.  The infusion rate should be 
increased in increments of no more than 1.25 ng/kg/min per week for the first four weeks and then 
no more than 2.5 ng/kg/min per week for the remaining duration of infusion.  Dose-related 
symptoms may necessitate a decrease in infusion rate; however, the event may resolve without 
dosage adjustment.  Should an adverse event worsen and/or become intolerable, the infusion rate 
should be reduced.  

Administration: 

Remodulin is administered by continuous subcutaneous infusion, via a self-inserted subcutaneous 
catheter, using a infusion pump designed for subcutaneous drug delivery. To avoid potential 
interruptions in drug delivery, the patient should have access to a backup infusion pump and 
subcutaneous infusion sets.  The ambulatory infusion pump used to administer Remodulin should: 
(1) be small and lightweight, (2) be able to adjust infusion rates in approximately 0.002 mL/hr, 
(3) have occlusion/no delivery, low battery, programming error and motor malfunction alarms, 
(4) have delivery accuracy of ±6% or better and (5) be positive pressure driven.  The reservoir 
should be made of polyvinyl chloride, polypropylene or glass. 

Infusion rates are calculated using the following formula. 

Infusion Rate (mL/hr) = Dose (ng/kg/min) x Weight (kg) x [0.00006/Remodulin concentration (mg/mL)] 

Tables 4 through 7 provide Remodulin infusion delivery rates for doses up to 155 ng/kg/min, based 
on patient weight, drug delivery rate and concentration.  These tables may be used to select the 
most appropriate concentration and infusion rate for Remodulin. 
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Table 4  1.0 mg/ml Concentration of UT-15 
MiniMed 407C pump Infusion Rate Setting (mls/hr) for 1.0 mg/ml UT-15 

Patient Weight (kg) 
Dose 

(ng/kg/min) 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

1.25 0.002 0.002 0.003 0.003 0.003 0.004 0.004 0.005 0.005 0.005 0.006 0.006 0.006 0.007 0.007 0.008 
2.5 0.004 0.005 0.005 0.006 0.007 0.008 0.008 0.009 0.010 0.011 0.011 0.012 0.013 0.014 0.014 0.015 

3.75 0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.014 0.015 0.016 0.017 0.018 0.019 0.020 0.021 0.023 
5 0.008 0.009 0.011 0.012 0.014 0.015 0.017 0.018 0.020 0.021 0.023 0.024 0.026 0.027 0.029 0.030 

6.25 0.009 0.011 0.013 0.015 0.017 0.019 0.021 0.023 0.024 0.026 0.028 0.030 0.032 0.034 0.036 0.038 
7.5 0.011 0.014 0.016 0.018 0.020 0.023 0.025 0.027 0.029 0.032 0.034 0.036 0.038 0.041 0.043 0.045 

8.75 0.013 0.016 0.018 0.021 0.024 0.026 0.029 0.032 0.034 0.037 0.039 0.042 0.045 0.047 0.050 0.053 
10 0.015 0.018 0.021 0.024 0.027 0.030 0.033 0.036 0.039 0.042 0.045 0.048 0.051 0.054 0.057 0.060 

11.25 0.017 0.020 0.024 0.027 0.030 0.034 0.037 0.041 0.044 0.047 0.051 0.054 0.057 0.061 0.064 0.068 
12.5 0.019 0.023 0.026 0.030 0.034 0.038 0.041 0.045 0.049 0.053 0.056 0.060 0.064 0.068 0.071 0.075 
13.75 0.021 0.025 0.029 0.033 0.037 0.041 0.045 0.050 0.054 0.058 0.062 0.066 0.070 0.074 0.078 0.083 

15 0.023 0.027 0.032 0.036 0.041 0.045 0.050 0.054 0.059 0.063 0.068 0.072 0.077 0.081 0.086 0.090 
16.25 0.024 0.029 0.034 0.039 0.044 0.049 0.054 0.059 0.063 0.068 0.073 0.078 0.083 0.088 0.093 0.098 
17.5 0.026 0.032 0.037 0.042 0.047 0.053 0.058 0.063 0.068 0.074 0.079 0.084 0.089 0.095 0.100 0.105 
18.75 0.028 0.034 0.039 0.045 0.051 0.056 0.062 0.068 0.073 0.079 0.084 0.090 0.096 0.101 0.107 0.113 

20 0.030 0.036 0.042 0.048 0.054 0.060 0.066 0.072 0.078 0.084 0.090 0.096 0.102 0.108 0.114 0.120 
21.25 0.032 0.038 0.045 0.051 0.057 0.064 0.070 0.077 0.083 0.089 0.096 0.102 0.108 0.115 0.121 0.128 
22.5 0.034 0.041 0.047 0.054 0.061 0.068 0.074 0.081 0.088 0.095 0.101 0.108 0.115 0.122 0.128 0.135 
23.75 0.036 0.043 0.050 0.057 0.064 0.071 0.078 0.086 0.093 0.100 0.107 0.114 0.121 0.128 0.135 0.143 

25 0.038 0.045 0.053 0.060 0.068 0.075 0.083 0.090 0.098 0.105 0.113 0.120 0.128 0.135 0.143 0.150 
27.5 0.041 0.050 0.058 0.066 0.074 0.083 0.091 0.099 0.107 0.116 0.124 0.132 0.140 0.149 0.157 0.165 
30 0.045 0.054 0.063 0.072 0.081 0.090 0.099 0.108 0.117 0.126 0.135 0.144 0.153 0.162 0.171 0.180 

32.5 0.049 0.059 0.068 0.078 0.088 0.098 0.107 0.117 0.127 0.137 0.146 0.156 0.166 0.176 0.185 0.195 
35 0.053 0.063 0.074 0.084 0.095 0.105 0.116 0.126 0.137 0.147 0.158 0.168 0.179 0.189 0.200 0.210 

37.5 0.056 0.068 0.079 0.090 0.101 0.113 0.124 0.135 0.146 0.158 0.169 0.180 0.191 0.203 0.214 0.225 
40 0.060 0.072 0.084 0.096 0.108 0.120 0.132 0.144 0.156 0.168 0.180 0.192 0.204 0.216 0.228 0.240 

42.5 0.064 0.077 0.089 0.102 0.115 0.128 0.140 0.153 0.166 0.179 0.191 0.204 0.217 0.230 0.242 0.255 
 NOTE:  Blank spaces indicate that this concentration of UT-15 is inapproriate for the corresponding dose           

The infusion rate for 1.0 mg/ml can be calculated using the following formula: Patient weight(kg) x dose(ng/kg/min) x 0.00006. 
Shaded areas indicate the highest infusion rate supported by one syringe change every three days  
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Table 5     2.5 mg/ml Concentration of UT-15    

  MiniMed 407C pump Infusion Rate Setting (mls/hr) for 2.5 mg/ml UT-15  

               

     Patient Weight (kg)       

Dose 
(ng/kg/min) 

25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

5 0.003 0.004 0.004 0.005 0.005 0.006 0.007 0.007 0.008 0.008 0.009 0.010 0.010 0.011 0.011 0.012 
6.25 0.004 0.005 0.005 0.006 0.007 0.008 0.008 0.009 0.010 0.011 0.011 0.012 0.013 0.014 0.014 0.015 
7.5 0.005 0.005 0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.013 0.014 0.014 0.015 0.016 0.017 0.018 

8.75 0.005 0.006 0.007 0.008 0.009 0.011 0.012 0.013 0.014 0.015 0.016 0.017 0.018 0.019 0.020 0.021 
10 0.006 0.007 0.008 0.010 0.011 0.012 0.013 0.014 0.016 0.017 0.018 0.019 0.020 0.022 0.023 0.024 

11.25 0.007 0.008 0.009 0.011 0.012 0.014 0.015 0.016 0.018 0.019 0.020 0.022 0.023 0.024 0.026 0.027 
12.5 0.008 0.009 0.011 0.012 0.014 0.015 0.017 0.018 0.020 0.021 0.023 0.024 0.026 0.027 0.029 0.030 
13.75 0.008 0.010 0.012 0.013 0.015 0.017 0.018 0.020 0.021 0.023 0.025 0.026 0.028 0.030 0.031 0.033 

15 0.009 0.011 0.013 0.014 0.016 0.018 0.020 0.022 0.023 0.025 0.027 0.029 0.031 0.032 0.034 0.036 
16.25 0.010 0.012 0.014 0.016 0.018 0.020 0.021 0.023 0.025 0.027 0.029 0.031 0.033 0.035 0.037 0.039 
17.5 0.011 0.013 0.015 0.017 0.019 0.021 0.023 0.025 0.027 0.029 0.032 0.034 0.036 0.038 0.040 0.042 
18.75 0.011 0.014 0.016 0.018 0.020 0.023 0.025 0.027 0.029 0.032 0.034 0.036 0.038 0.041 0.043 0.045 

20 0.012 0.014 0.017 0.019 0.022 0.024 0.026 0.029 0.031 0.034 0.036 0.038 0.041 0.043 0.046 0.048 
21.25 0.013 0.015 0.018 0.020 0.023 0.026 0.028 0.031 0.033 0.036 0.038 0.041 0.043 0.046 0.048 0.051 
22.5 0.014 0.016 0.019 0.022 0.024 0.027 0.030 0.032 0.035 0.038 0.041 0.043 0.046 0.049 0.051 0.054 
23.75 0.014 0.017 0.020 0.023 0.026 0.029 0.031 0.034 0.037 0.040 0.043 0.046 0.048 0.051 0.054 0.057 

25 0.015 0.018 0.021 0.024 0.027 0.030 0.033 0.036 0.039 0.042 0.045 0.048 0.051 0.054 0.057 0.060 
27.5 0.017 0.020 0.023 0.026 0.030 0.033 0.036 0.040 0.043 0.046 0.050 0.053 0.056 0.059 0.063 0.066 
30 0.018 0.022 0.025 0.029 0.032 0.036 0.040 0.043 0.047 0.050 0.054 0.058 0.061 0.065 0.068 0.072 

32.5 0.020 0.023 0.027 0.031 0.035 0.039 0.043 0.047 0.051 0.055 0.059 0.062 0.066 0.070 0.074 0.078 
35 0.021 0.025 0.029 0.034 0.038 0.042 0.046 0.050 0.055 0.059 0.063 0.067 0.071 0.076 0.080 0.084 

37.5 0.023 0.027 0.032 0.036 0.041 0.045 0.050 0.054 0.059 0.063 0.068 0.072 0.077 0.081 0.086 0.090 
40 0.024 0.029 0.034 0.038 0.043 0.048 0.053 0.058 0.062 0.067 0.072 0.077 0.082 0.086 0.091 0.096 

42.5 0.026 0.031 0.036 0.041 0.046 0.051 0.056 0.061 0.066 0.071 0.077 0.082 0.087 0.092 0.097 0.102 
  NOTE:  Blank spaces indicate that this concentration of UT-15 is inappropriate for the corresponding dose           
   The infusion rate for 2.5 mg/ml can be calculated using the following  
    formula: Patient weight(kg) x dose(ng/kg/min) x 0.000024.  
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Table 6 5.0 mg/mL Concentration of UT-15
Pump Infusion Rate Setting (mL/hr) for 5.0 mg/mL UT-15

Patient Weight (kg)
Dose 

(ng/kg/min) 35 40 45 50 55 60 65 70 75 80 85 90 95 100
10 0.004 0.005 0.005 0.006 0.007 0.007 0.008 0.008 0.009 0.010 0.010 0.011 0.011 0.012

12.5 0.005 0.006 0.007 0.008 0.008 0.009 0.010 0.011 0.011 0.012 0.013 0.014 0.014 0.015
15 0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.013 0.014 0.014 0.015 0.016 0.017 0.018

17.5 0.007 0.008 0.009 0.011 0.012 0.013 0.014 0.015 0.016 0.017 0.018 0.019 0.020 0.021
20 0.008 0.010 0.011 0.012 0.013 0.014 0.016 0.017 0.018 0.019 0.020 0.022 0.023 0.024

22.5 0.009 0.011 0.012 0.014 0.015 0.016 0.018 0.019 0.020 0.022 0.023 0.024 0.026 0.027
25 0.011 0.012 0.014 0.015 0.017 0.018 0.020 0.021 0.023 0.024 0.026 0.027 0.029 0.030

27.5 0.012 0.013 0.015 0.017 0.018 0.020 0.021 0.023 0.025 0.026 0.028 0.030 0.031 0.033
30 0.013 0.014 0.016 0.018 0.020 0.022 0.023 0.025 0.027 0.029 0.031 0.032 0.034 0.036

32.5 0.014 0.016 0.018 0.020 0.021 0.023 0.025 0.027 0.029 0.031 0.033 0.035 0.037 0.039
35 0.015 0.017 0.019 0.021 0.023 0.025 0.027 0.029 0.032 0.034 0.036 0.038 0.040 0.042

37.5 0.016 0.018 0.020 0.023 0.025 0.027 0.029 0.032 0.034 0.036 0.038 0.041 0.043 0.045
40 0.017 0.019 0.022 0.024 0.026 0.029 0.031 0.034 0.036 0.038 0.041 0.043 0.046 0.048

42.5 0.018 0.020 0.023 0.026 0.028 0.031 0.033 0.036 0.038 0.041 0.043 0.046 0.048 0.051
45 0.019 0.022 0.024 0.027 0.030 0.032 0.035 0.038 0.041 0.043 0.046 0.049 0.051 0.054

47.5 0.020 0.023 0.026 0.029 0.031 0.034 0.037 0.040 0.043 0.046 0.048 0.051 0.054 0.057
50 0.021 0.024 0.027 0.030 0.033 0.036 0.039 0.042 0.045 0.048 0.051 0.054 0.057 0.060
55 0.023 0.026 0.030 0.033 0.036 0.040 0.043 0.046 0.050 0.053 0.056 0.059 0.063 0.066
60 0.025 0.029 0.032 0.036 0.040 0.043 0.047 0.050 0.054 0.058 0.061 0.065 0.068 0.072
65 0.027 0.031 0.035 0.039 0.043 0.047 0.051 0.055 0.059 0.062 0.066 0.070 0.074 0.078
70 0.029 0.034 0.038 0.042 0.046 0.050 0.055 0.059 0.063 0.067 0.071 0.076 0.080 0.084
75 0.032 0.036 0.041 0.045 0.050 0.054 0.059 0.063 0.068 0.072 0.077 0.081 0.086 0.090
80 0.034 0.038 0.043 0.048 0.053 0.058 0.062 0.067 0.072 0.077 0.082 0.086 0.091 0.096

The infusion rate for 5.0 mg/mL may be calculated using the 
following formula:  Patient Weight(kg) x dose(ng.kg/min) x 0.000012.
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Table 7 10.0 mg/mL Concentration of UT-15
Pump Infusion Rate Setting (mLs/hr) for 10.0 mg/mL UT-15

Patient Weight (kg)
Dose 

(ng/kg/min) 35 40 45 50 55 60 65 70 75 80 85 90 95 100
50 0.011 0.012 0.014 0.015 0.017 0.018 0.020 0.021 0.023 0.024 0.026 0.027 0.029 0.030
55 0.012 0.013 0.015 0.017 0.018 0.020 0.021 0.023 0.025 0.026 0.028 0.030 0.031 0.033
60 0.013 0.014 0.016 0.018 0.020 0.022 0.023 0.025 0.027 0.029 0.031 0.032 0.034 0.036
65 0.014 0.016 0.018 0.020 0.021 0.023 0.025 0.027 0.029 0.031 0.033 0.035 0.037 0.039
70 0.015 0.017 0.019 0.021 0.023 0.025 0.027 0.029 0.032 0.034 0.036 0.038 0.040 0.042
75 0.016 0.018 0.020 0.023 0.025 0.027 0.029 0.032 0.034 0.036 0.038 0.041 0.043 0.045
80 0.017 0.019 0.022 0.024 0.026 0.029 0.031 0.034 0.036 0.038 0.041 0.043 0.046 0.048
85 0.018 0.020 0.023 0.026 0.028 0.031 0.033 0.036 0.038 0.041 0.043 0.046 0.048 0.051
90 0.019 0.022 0.024 0.027 0.030 0.032 0.035 0.038 0.041 0.043 0.046 0.049 0.051 0.054
95 0.020 0.023 0.026 0.029 0.031 0.034 0.037 0.040 0.043 0.046 0.048 0.051 0.054 0.057

100 0.021 0.024 0.027 0.030 0.033 0.036 0.039 0.042 0.045 0.048 0.051 0.054 0.057 0.060
105 0.022 0.025 0.028 0.032 0.035 0.038 0.041 0.044 0.047 0.050 0.054 0.057 0.060 0.063
110 0.023 0.026 0.030 0.033 0.036 0.040 0.043 0.046 0.050 0.053 0.056 0.059 0.063 0.066
115 0.024 0.028 0.031 0.035 0.038 0.041 0.045 0.048 0.052 0.055 0.059 0.062 0.066 0.069
120 0.025 0.029 0.032 0.036 0.040 0.043 0.047 0.050 0.054 0.058 0.061 0.065 0.068 0.072
125 0.026 0.030 0.034 0.038 0.041 0.045 0.049 0.053 0.056 0.060 0.064 0.068 0.071 0.075
130 0.027 0.031 0.035 0.039 0.043 0.047 0.051 0.055 0.059 0.062 0.066 0.070 0.074 0.078
135 0.028 0.032 0.036 0.041 0.045 0.049 0.053 0.057 0.061 0.065 0.069 0.073 0.077 0.081
140 0.029 0.034 0.038 0.042 0.046 0.050 0.055 0.059 0.063 0.067 0.071 0.076 0.080 0.084
145 0.030 0.035 0.039 0.044 0.048 0.052 0.057 0.061 0.065 0.070 0.074 0.078 0.083 0.087
150 0.032 0.036 0.041 0.045 0.050 0.054 0.059 0.063 0.068 0.072 0.077 0.081 0.086 0.090
155 0.033 0.037 0.042 0.047 0.051 0.056 0.060 0.065 0.070 0.074 0.079 0.084 0.088 0.093

Note:  Blank spaces indicate the this concentration of UT-15 is inappropriate for the corresponding 
dose.  The infusion rate for the 10 mg/mL concentration can be calculated by using
the following formula: Patient weight (kg) x dose (ng/kg/mL) x .000006.
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(j) How Supplied 

Remodulin™ is supplied in 20 mL multi-use vials at concentrations of 1.0 mg/mL, 2.5 mg/mL, 5.0 mg/mL, and 
10.0 mg/mL treprostinil, as sterile solutions in water for injection, individually packaged in a carton.  Each mL 
contains treprostinil sodium equivalent to 1.0 mg/mL, 2.5 mg/mL, 5.0 mg/mL, or 10.0 mg/mL treprostinil.  
Unopened vials of Remodulin are stable until the date indicated when stored at 15 to 25°C  
(59 to 77°F).   

During use, a single reservoir of Remodulin can be administered up to 72 hours at 37°C. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit.  If either particulate matter or discoloration is noted, 
Remodulin should not be administered. 

20-mL vial containing treprostinil sodium equivalent to 1 mg treprostinil per mL, carton of 1  
(NDC xxxx-xxxx-xx). 

20-mL vial containing treprostinil sodium equivalent to 2.5 mg treprostinil per mL, carton of 1  
(NDC xxxx-xxxx-xx). 

20-mL vial containing treprostinil sodium equivalent to 5.0 mg treprostinil per mL, carton of 1  
(NDC xxxx-xxxx-xx). 

20-mL vial containing treprostinil sodium equivalent to 10.0 mg treprostinil per mL, carton of 1  
(NDC xxxx-xxxx-xx). 

US Patent No. 5,153,222 (Use Patent) 

United Therapeutics Corp. 
Research Triangle Park, NC 27709 

Copyright 2001 United Therapeutics Corp.  All rights reserved 

REMODULIN manufactured by 

Cook Pharmaceutical Solutions 

Bloomington, IN 47403 

For United Therapeutics Corp. 

Research Triangle Park, NC 27709 
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1 PREFACE 

This document describes the planned analyses for P01:04 and P01:05, which 

are two concurrent, essentially identical pivotal studies.  All of the analyses 

described in this document will be performed separately for each study for 

the individual study reports.  In addition, all analyses involving the primary 

efficacy endpoint, and possibly other select analyses, will be performed on 

the data from both studies combined (as described in section 8.1) for the 

purpose of assessing overall results.  However, this document does not 

describe all intended analyses for the Integrated Summary of Safety (ISS) and 

Integrated Summary of Efficacy (ISE) sections of the NDA. 

2 STUDY OBJECTIVES AND ENDPOINTS 

The primary objective of this 12-week study is to determine the effects of 

continuous subcutaneous infusions of UT-15 on exercise capacity in severely 

ill patients with pulmonary arterial hypertension (renamed from “pulmonary 

vascular disease” based on a WHO reclassification of the disease).  The 

primary endpoint of this study is the total distance walked during a six-

minute walk exercise test at Week 12 of the study. 

A principal reinforcing objective is to determine the effects of UT-15 on 

signs and symptoms of pulmonary arterial hypertension.  Signs and 

symptoms of pulmonary arterial hypertension will be evaluated in two ways: 

(1) changes in frequency and/or severity of symptoms and (2) time to 

discontinuation of study drug due to patient’s clinical deterioration, due to 

transplantation secondary to deterioration or due to death.  Principal 

reinforcing endpoints include change from baseline in individual signs and 

symptoms of PHT, change from baseline in Dyspnea-Fatigue Index, and time 

from randomization to discontinuation of study drug due to clinical 

deterioration, transplantation, or death. 

The secondary objective is to assess the effects of continuous subcutaneous 

infusions of UT-15 on hemodynamics and Quality of Life.  
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The tertiary objective of this study is to assess the effects of patient factors 

(e.g. gender, age, race) on the disposition of UT-15 and to evaluate 

pharmacokinetic drug-drug interactions.  Analysis of population 

pharmacokinetics will be employed. 

3 STUDY DESIGN 

The P01:04 and P01:05 trials have identical international, multicenter, double 

blind, randomized, parallel, placebo-controlled designs for comparing UT-15 

plus conventional therapy to conventional therapy alone.  Two hundred and 

twenty-four patients with pulmonary arterial hypertension who are not 

receiving Flolan or other intravenous, inhaled or oral prostaglandins or 

prostaglandin analogues will be enrolled and randomized for entry in each 

study.  Each study is divided into the Screening, Baseline and Treatment 

Phases, as shown in Figure 3.1. 

Figure 3.1 

 

After optimization of conventional oral PHT therapy, patients meeting all 

inclusion/exclusion criteria during the Screening Phase will enter the 

Baseline Phase during which baseline exercise capacity, Quality of Life, 

hemodynamic parameters, and clinical signs and symptoms of the disease 
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will be assessed.  Immediately after providing baseline hemodynamic 

measurements and meeting all hemodynamic inclusion/exclusion criteria, 

patients will be randomized (1:1) to receive either (1) conventional PHT 

therapy plus a continuous subcutaneous infusion of UT-15 or (2) 

conventional PHT therapy plus a continuous subcutaneous infusion of 

placebo.  Randomization will be stratified for baseline exercise and etiology 

of pulmonary arterial hypertension.  In patients with secondary forms of 

pulmonary hypertension, randomization will also be stratified for use of 

vasodilators at baseline.  During the 12-Week Treatment Phase, exercise 

capacity, Quality of Life and clinical symptoms of pulmonary arterial 

hypertension will be assessed at specified times and blood will be drawn for 

pharmacokinetic analysis.  Safety will be monitored throughout the 12 weeks. 

After completing all Week 12 assessments of the Treatment Phase, each 

patient will be dismissed from study and subsequently become eligible for the 

P01:06 open-label study.  To aid in the transition of patients from 

P01:04/P01:05 to P01:06, the treatment assignment for each patient will be 

unmasked to the treating physician.  To minimize the possibility of bias, two 

procedures will be strictly followed at each center: (1) treatment assignment 

will remain masked to the individual administering the exercise tests until all 

patients have completed the study and (2) exercise data will be secured by the 

individual administering the exercise tests and not revealed to other study 

personnel, including the principal investigator, until all patients have 

completed the study.  Each patient who completes either study (i.e., who 

completes all Week 12 Treatment Phase assessments), regardless of treatment 

assignment, will have the option of receiving UT-15 in the open continuation 

study (P01:06).  Patients who are dismissed prior to completing all week 12 

assessments are not eligible to receive UT-15 in an open continuation study. 

4 SEQUENCE OF PLANNED ANALYSES 

Completed and monitored CRFs are forwarded to an independent data 

management CRO for processing.  The final quality-assured database used in 

the analyses described in this document will be available to the sponsor 

approximately one month after the last patient completes the Week 12 
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assessment of the P01:05 study.  Prior to this time, preliminary data (without 

actual treatment assignment information) will be available to an independent 

statistical CRO to allow for the set-up of the analysis programming.  

However, the actual treatment assignments will not be available to the 

statistical CRO or sponsor until the final data are locked and issued by the 

CRO handling data management. 

Adverse event, death, and demographic data were provided to an independent 

statistical contractor to provide analyses to an independent data safety 

monitoring board (DSMB) on three occasions during the studies (see Section 

7).  A random identifier of treatment group (i.e., “A” or “B”) was provided 

with these data, and analyses were performed using this identifier, but the 

actual corresponding treatment information (i.e., “UT-15” or “Placebo”) was 

not disclosed.  Neither these data, nor the analyses, were made available to 

anyone other than the contractor performing the analyses and DSMB. 

5 SAMPLE SIZE CONSIDERATIONS 

The effect of UT-15 on exercise capacity at Week 12, as measured by 

distance walked in six minutes, is the primary endpoint for this trial and is the 

basis on which the sample size has been estimated.  

The results of exercise tests, as measured by the Six-Minute Walk test, in 81 

NYHA Class III/IV patients, who received chronic Flolan for 12 weeks, were 

used as the basis of sample size estimates.  Distance walked by 41 patients 

with PPH who received Flolan improved by 30 meters over baseline 

compared to a 15-meter decrease in exercise in 40 patients who did not 

receive Flolan; standard deviation in this trial was approximately 75 meters.  

Assuming a slightly larger between-treatment difference of 55 meters in 

patients who receive UT-15 compared to placebo, a larger standard deviation 

of 110 meters, a type I (alpha) error of 0.05 (i.e., two-sided p-value of less 

than 0.05), a 95% power to detect this difference, and a non-parametric 

(Mann-Whitney; uniform distributions) adjustment to a two sample Student’s 

t-test, 105 patients per treatment group were required for this trial. 
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Sample size calculations were performed using PASS™ version 6.0 (NCSS, 

329 North 1000 East, Kaysville, Utah). 

6 ANALYSIS POPULATIONS 

The “Pure Intent-to-Treat” (or “pITT”) population is defined as all subjects 

randomized into either study, and all patients will be counted as being in the 

group to which they were randomized, regardless of the treatment they were 

actually given, or whether any study drug was given at all.  All original 

stratification information used in the randomization procedure will be used, 

regardless of whether it was later found to be incorrect.   

The “Modified Intent-to-Treat” (or “mITT”) population is the same as the 

“pITT” population, except that patients who never received either study 

medication will be excluded and incorrect stratification information will be 

corrected for the analysis.  In addition, efficacy data for any patient who was 

inadvertently given the alternative treatment during the trial (i.e., crossed-

over) due to errors in resupply of study medication will be censored at the 

time of cross-over (by not having data after cross-over included in the 

analyses).   

The “Per-Protocol” population is defined as all patients in either study 

actually receiving study drug for at least 8 weeks and who had Baseline and 

Week 12 exercise test assessments or normally discontinued due to death, 

transplantation or clinical deterioration, excluding patients with major 

protocol violations, and excluding patients who were not receiving study drug 

during their Week 12 exercise test due to premature discontinuation.  Patients 

will be counted as being in the group corresponding to the treatment they 

actually received at the start of the dosing period.  Patients who crossed-over 

to the alternative treatment during the trial will be excluded.  Patients with 

the following protocol violations will be excluded: 

1) Violation of inclusion criteria 3 and 6 (values on p. 14 of the CRF will be 

used to verify; PCWPm will not be used as the basis for violation) 

2) Violations of exclusion criteria 7, 9, 10, 11, and12 
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3) Use of any prostaglandins or their analogues for the treatment of 

pulmonary hypertension (as collected on the “Concomitant PHT 

Medications” pages [pp. 50.*] of the CRF) within seven days prior to the 

Week 12 exercise test. 

4) Chronic concomitant use (use during at least 5 consecutive days of the 

dosing period) of intravenous or inhaled medications to treat pulmonary 

hypertension (as collected on the “Concomitant PHT Medications” pages 

[pp. 50.*] of the CRF) 

5) Other protocol violations may be considered on an individual patient 

basis prior to unblinding 

The definition of the “Per-Protocol” population may be modified slightly 

prior to unblinding if less than 75% of all patients randomized into either trial 

fit the current definition. 

The “Safety” population is defined as all patients in either study actually 

receiving study drug, and all patients will be counted as being in the group 

corresponding to the treatment that they actually received.  If a patient 

received UT-15 at any point during the study, they will be counted in that 

treatment group. 

The “PK” population will include all patients with non-missing UT-15 

concentration data. 

Several randomization issues were identified during these trials.  The 

statistical management of each specific issue for each of the analysis 

populations is presented in Table 6.1. 
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Table 6.1 
Statistical Management of Randomization Issues by Analysis Population 

Issue  mITT pITT 
Per-

Protocol Safety 
Randomized 
manually to correct 
treatment 

Included Included Included Included 

Randomized 
manually, received 
incorrect treatment 
weeks 7-12 

Included; 
efficacy 
censored at 
Week 6 

Included Excluded Included 

Incorrect stratification 
information 

Included; 
stratification 
information 
corrected 

Included; 
stratification 
information 
not corrected 

Included; 
stratification 
information 
corrected 

Included; 
stratification 
information 
corrected 

Only one assignment 
available at site 

Included Included Included Included 

All of the above populations will be prefixed by “P01:04”, “P01:05”, or 

“Pooled”, depending on whether patients come from the P01:04, P01:05, or 

combined studies. 

Any of the above populations may be suffixed by “PPH”, denoting a subset 

of any of the populations with a diagnosis of PPH at baseline (as entered on 

page 4 of the CRF).   

All study population analyses, efficacy analyses, and quality of life analyses 

(described in Sections 9.1, 9.2, and 9.3, respectively) will be performed on 

both the “P01:04 mITT” and “P01:05 mITT” populations.  In addition, all 

analyses involving the primary efficacy endpoint (described in Section 9.2.1), 

and possibly other select analyses, will be performed on the “Pooled mITT” 

and “Pooled mITT PPH” populations (see Section 8.1 for a discussion of the 

use of the “Pooled” populations versus the individual study populations in the 

efficacy analyses).  To examine the robustness of the primary results, all 

primary analyses will additionally be performed on all “pITT” and “Per-

Protocol” populations.  All safety analyses (described in Section 9.4) will be 

performed on both the “P01:04 Safety” and “P01:05 Safety” populations.  

Safety analyses on pooled data will be handled separately in the ISS section 

of the NDA.  All pharmacokinetic analyses will be performed on the “Pooled 

PK” population. 
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7 INTERIM ANALYSES 

No interim analyses of efficacy were planned or performed. 

Interim safety analyses were planned and performed after 20%, 40%, and 

60% of the planned number of patients in the combined studies had 

completed the Week 12 assessment.  All such analyses were performed on 

combined study (“Pooled”) data.  In addition, for the first two interim looks, 

analyses were also performed on the individual study data.  For all analyses, 

the treatment groups were identified only as “Group A” and “Group B”.  The 

true identities of the treatments corresponding to these groups were not 

disclosed.  All analyses were performed by an independent statistical 

contractor.  Results were submitted to and reviewed only by members of an 

independent DSMB, which consisted of one statistician and two independent 

clinicians who were not otherwise involved in either study.  These analyses 

consisted only of adverse event, death, and demographic data. 

8 GENERAL CONSIDERATIONS FOR DATA ANALYSES 

8.1 Pooled versus Individual Study Analyses 

The primary analysis (described in Section 9.2.1) will first be performed on 

the “Pooled mITT” population.  If this analysis is significant in favor of UT-

15 at the 0.049 (two-sided) level, then the analysis will be repeated on both 

the “P01:04 mITT” population and the “P01:05 mITT” population.  If each 

additional analysis is significant in favor of UT-15 at the 0.049 (two-sided) 

level, then the overall null hypothesis of no treatment difference will be 

rejected for the entire study population.  However, if one analysis is 

significant in favor of UT-15 at the 0.049 (two-sided) level and the other is 

not, then the “Pooled mITT” analysis will be re-assessed at the 0.01 (two-

sided) level.  If the “Pooled mITT” analysis is significant in favor of UT-15 at 

the 0.01 (two-sided) level, then the overall null hypothesis of no treatment 

difference will be rejected for the entire study population.  If not, then the 

same analysis will be done on the “Pooled mITT PPH” population.  If this 

analysis is significant at the 0.001 (two-sided) level, then the overall null 
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hypothesis of no treatment difference will be rejected for the subset of the 

study population with a diagnosis of PPH at baseline.  This approach is 

illustrated in Figure 8.1.1: 

Figure 8.1.1 

 Ho: No difference between UT-15 and placebo with respect to the 
primary endpoint 

Primary analysis
on Pooled mITT

population

Primary analysis
on Pooled mITT

population

Primary analysis on
P01:04 and P01:05
mITT populations

Reject Ho
for full study
population

Fail to
Reject Ho

p≤0.049 p>0.049

max(p)≤0.049
min(p)≤0.049
max(p)>0.049

p≤0.01 p>0.01

min(p)>0.049

Fail to
Reject Ho

Reject Ho
for full study
population

Primary analysis
on Pooled mITT PPH

population

p≤0.001 p>0.001

Fail to
Reject Ho

Reject Ho
for PPH

population

Fail to
Reject Ho

Primary analysis
on Pooled mITT

population

Primary analysis
on Pooled mITT

population

Primary analysis on
P01:04 and P01:05
mITT populations

Reject Ho
for full study
population

Fail to
Reject Ho

p≤0.049 p>0.049

max(p)≤0.049
min(p)≤0.049
max(p)>0.049

p≤0.01 p>0.01

min(p)>0.049

Fail to
Reject Ho

Reject Ho
for full study
population

Primary analysis
on Pooled mITT PPH

population

p≤0.001 p>0.001

Fail to
Reject Ho

Reject Ho
for PPH

population

Primary analysis
on Pooled mITT PPH

population

p≤0.001 p>0.001

Fail to
Reject Ho

Reject Ho
for PPH

population

Fail to
Reject Ho
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If the null hypothesis is rejected based on having p-values below 0.049 for 

both individual studies in the above approach, then both studies will be 

considered separately for the purposes of evaluating detailed results.  

Otherwise, additional analyses of principal reinforcing endpoints, secondary 

efficacy, and quality of life (described in Sections 9.2.2, 9.2.3, and 9.3) will 

be done on the pooled data in addition to the individual study data, but the 

results from the analyses on pooled data will be emphasized in the report.  

Analyses will be done on data from the various populations as shown in 

Table 8.1.1. 

Table 8.1.1 
Planned Analyses by Analysis Population 

 P01:04 P01:05 Pooled 

mITT 

9.1 Study Population 
9.2 Efficacy 
9.3 Quality of Life 

9.1 Study Population 
9.2 Efficacy 
9.3 Quality of Life 

9.2.1  Primary Efficacy 
9.2.2  Principal Reinforcing 

Efficacy* 
9.2.3  Secondary Efficacy* 
9.3  Quality of Life* 

pITT 
9.2.1  Primary 

Efficacy*** 
 

9.2.1 Primary 
Efficacy*** 

9.2.1  Primary Efficacy*** 
 

Per- 
Protocol 

9.2.1  Primary 
Efficacy*** 

 

9.2.1 Primary 
Efficacy*** 

9.2.1  Primary Efficacy*** 
 

Safety 9.4 Safety 9.4 Safety  

mITT 
PPH 

  9.2.1  Primary Efficacy 
9.2.2  Principal Reinforcing 

Efficacy** 
9.2.3  Secondary Efficacy** 
9.3 Quality of Life** 

pITT 
PPH 

  9.2.1  Primary Efficacy*** 
 

Per- 
Protocol 

PPH 

  9.2.1  Primary Efficacy*** 
 

PK   9.5 Pharmacokinetics 

 

*  if p>0.049 for either P01:04 or P01:05, but p≤0.01 for pooled data (with 
respect to the primary analysis) 

** if p>0.049 for either P01:04 or P01:05, p>0.01 for pooled data, but 
p≤0.001 for pooled PPH data (with respect to the primary analysis) 

*** primary and secondary analyses only; no descriptive summaries 



Analysis Plan for P01:04 and P01:05 -- FINAL 
United Therapeutics Corp. 

- 11 - 

8.2 Covariates 

The primary (nonparametric) and secondary (parametric) comparisons of six-

minute walk distances at Week 12 (see Section 9.2.1) will be adjusted for six-

minute walk distance during the baseline assessment (continuous), center 

(categorical), etiology of pulmonary hypertension (dichotomous – PPH vs. 

other), and vasodilator use at baseline (dichotomous – yes vs. no).  Etiology 

of pulmonary hypertension will not be used when this analysis is applied to 

subsets of PPH patients.  Center will be broken into categories corresponding 

to unique investigator site numbers.  Centers that were used in both P01:04 

and P01:05 will be treated as separate categories for the pooled analyses.  

Centers with less than approximately six patients in the “Per-Protocol” 

population will be pooled (roughly by geographical region) as follows: 

Pooled Center ID: Centers: 
401 01 – Dr. Sean Gaine (Baltimore, MD)06 – Dr. David 

Badesch (Denver, CO)13 – Dr. Joel Wirth (Portland, 
ME) 
21 – Dr. Nicholas Hill (Providence, RI) 
23 – Dr. Dunbar Ivy (Denver, CO)  

402 11 – Dr. Romona Doyle (Stanford, CA) 
12 – Dr. Teresa DeMarco (San Francisco, CA) 
15 – Dr. Greg Elliott (Salt Lake City, UT) 

403 17 – Dr. David Langleben (Montreal, Quebec) 
18 – Dr. David Ostrow (Vancouver, BC) 

404 19 – Dr. Robert Schilz (Cleveland, OH) 
22 – Dr. Ben deBoisblanc (New Orleans, LA) 

501 51 – Prof. Meinhard Kneussl (Wien, Austria) 
52 – Dr. Marion Delcroix (Leuven, Belgium) 
55 – Dr. Marius Hoeper (Hannover, Germany) 

502 56 – Dr. Neville Berkman (Jerusalem, Israel) 
57 – Dr. Issahar Ben-Dov (Tel Hashomer, Israel) 
58 – Dr. Mordechai Kramer (Petach Tikvah, Israel) 

503 64 – Dr. Tim Higenbottam (Sheffield, UK) 
66 – Dr. Paul Corris (Newcastle Upon Tyne, UK) 

504 77 – Dr. Ivan Robbins (Nashville, TN) 
78 – Dr. Victor Tapson (Durham, NC) 
80 – Dr. Robert Bourge (Birmingham, AL) 



Analysis Plan for P01:04 and P01:05 -- FINAL 
United Therapeutics Corp. 

 

- 12 - 

Pooled Center ID: Centers: 
505 79 – Dr. Adaani Frost (Houston, TX) 

89 – Dr. Robert Schilz (Cleveland, OH) 
90 – Dr. Julio Sandoval (Mexico) 
92 – Dr. Ben deBoisblanc (New Orleans, LA) 

506 72 – Dr. Robyn Barst (New York, NY) 
73 – Dr. Stuart Rich (Chicago, IL) 
75 – Dr. Michael McGoon (Rochester, MN) 
86 – Dr. Srinivas Murali (Pittsburgh, PA) 
87 – Dr. David Langleben (Montreal, Quebec) 
91 – Dr. Nicholas Hill (Providence, RI) 

507 74 – Dr. Ronald Oudiz (Torrance, CA) 
81 – Dr. Romona Doyle (Stanford, CA) 
82 – Dr. Teresa DeMarco (San Francisco, CA) 
84 – Dr. Richard Channick (San Diego, CA) 
85 – Dr. Greg Elliott (Salt Lake City, UT) 
94 – Dr. Shelley Shapiro (Los Angeles, CA) 

Etiology of pulmonary hypertension will be determined from the “PHT 

History” page (p. 4) of the CRF (based on whether “PPH” was specified as 

the current diagnosis).  Vasodilator use at baseline will be determined from 

the ”Concomitant PHT Medications” pages (pp. 50.*) of the CRF (see 

Section 8.4 for definition of relevant vasodilators), with a start date on or 

before the date of initiation of study drug or an indication that it was 

“Ongoing at Start of Study”. 

Further exploratory analyses may be performed using sex, race, age, baseline 

hemodynamics, NYHA class, specific etiology, groupings of geographic 

regions (e.g., “North America” vs. “Rest of World” and “Europe” vs. “Rest 

of World”), and chronic concomitant use (use of drug at least 75% of the time 

during the dosing period) of vasodilators, anticoagulants, diuretics, and 

digoxin to treat pulmonary hypertension (as collected on the “Concomitant 

PHT Medications” pages [pp. 50.*] of the CRF), and chronic concomitant 

use of analgesics (as collected on any of the concomitant medication pages 

[pp. 50.*, 51.*, 52.*]; see Section 8.4 for definitions of these classes)) as 

covariates in comparisons of 6-minute walk data at Week 12. 

Unless otherwise specified, other analyses on principal reinforcing or 

secondary endpoints will not be adjusted for covariates. 
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8.3 Premature Discontinuation and Missing Data 

Patients may not complete the full 12 weeks of treatment with UT-15 or 

Placebo for the following reasons: death, clinical deterioration sufficient to be 

prematurely discontinued from study, transplant, accident unrelated to 

disease, adverse event, lost to follow-up and/or withdrawal of consent. 

Patients who die, receive a transplant or who must be rescued from study due 

to clinical deterioration will be analyzed as treatment failures and no further 

data will be collected.  For the purposes of the primary (nonparametric) 

analysis on six-minute walk distance at Week 12, lowest standardized rank 

(see procedure described in Section 9.2.1) will be used.  For the secondary 

(parametric) analysis on six-minute walk distance at Week 12, 0 meters will 

be used. 

Patients who had an accident that limits exercise (e.g. traffic accident) are not 

considered treatment failures, however their ability to provide data on 

assigned treatment ended at the time of accident; only general well-being of 

these patients at Week 12 will be recorded.  The standardized rank from the 

last exercise assessment will be carried forward to Week 12 for the primary 

(nonparametric) analyses.  The last observation will be carried forward for 

the secondary (parametric) analyses.  Patients who are dismissed from study 

because of an adverse event will be followed for 12 weeks and exercise 

evaluated.  For the primary (nonparametric) analyses, the standardized rank 

from the last exercise test performed prior to being dismissed from study will 

be carried forward.  For the secondary (parametric) analyses, the last 

observation prior to being dismissed from the study will be carried forward.  

It is unlikely that a patient will be lost to follow-up or will withdraw consent.  

However, under these circumstances, every effort will be made to assess 

exercise at 12 weeks and/or assess the patient’s well being.  If Week 12 data 

are not available, the standardized rank from the last exercise test performed 

will be carried forward for the primary (nonparametric) analyses, and the last 

observation will be carried forward for the secondary (parametric) analyses. 

Patients were required to have a baseline Six Minute Walk assessment in 

order to be randomized into the studies, so missing baseline values are not 

expected.  Except in cases where a patient has died, received a transplant, or 
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were rescued from the study due to clinical deterioration, patients who are 

missing all post-baseline Six Minute Walk assessments will be excluded from 

the primary and secondary analyses of the primary endpoint for the “mITT” 

and “Per-Protocol” populations, and the baseline assessment will be used as 

the basis for any “last standardized rank carried forward” or “last observation 

carried forward” imputation for the “pITT” population. 

Methods that will be used in each case to address missing exercise data for 

the primary and secondary protocol specified analyses on six-minute walk 

distance at Week 12 are summarized in Table 8.3.1. 

Table 8.3.1 

Handling of Missing Week 12 Six-Minute Walk Data 

Event  
Value Used for Primary 
(Nonparametric) Analysis 

Value Used for Secondary 
(Parametric) Analysis 

Death within 12 weeks; 
excluding transplantation 
and accidents   

Lowest Standardized Rank 0 Meters 

Clinical deterioration within 
12 weeks; excluding 
transplantation and accidents 

Lowest Standardized Rank 0 Meters 

Transplantation Lowest Standardized Rank 0 Meters 

Accident* Last Standardized Rank 
Carried Forward 

LOCF 

Adverse Event (Survivors at 
Week 12)* 

Last Standardized Rank 
Carried Forward** 

LOCF** 

Lost to Follow-up (Survivors 
at Week 12)* 

Last Standardized Rank 
Carried Forward*** 

LOCF*** 

Consent withdrawn 
(Survivors at Week 12)* 

Last Standardized Rank 
Carried Forward*** 

LOCF*** 

Note: Standardized rank = [Rank]/[#Ranked +1] (so it is between 0 and 1) 
* Patients who are missing all post-Baseline assessments will be excluded for the 

“mITT” and “Per-Protocol” populations. 
** Last rank/observation prior to dismissal from study will be used, even if the Week 12 

assessment was done. 
*** Last non-missing rank/observation will be carried forward only if the Week 12 

assessment is not available. 

Additional analyses on the primary endpoint will be performed where the last 

observation and last standardized rank assigned will be carried forward to 

Week 12 for all patients who discontinue prematurely for any reason.   

No further attempts will be made to account for missing data in any 

secondary analyses. 
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8.4 Derived and Transformed Data 

The following derivations and/or transformations will be used in the 

analyses: 

Baseline Vital Signs: 

 Formula Units 
BSA [ ] [ ]0.425 0.7250.007184 ( ) ( )Wt kg Ht cm= × ×  m2 

Hemodynamic Parameters: 

 Formula Units 
Temp ( 32)/1.8F= ° −  °C 

CO 

CO Fick [if present]

Missing [otherwise]
 

=  
 

[for shunt patients] 

CO Thermodilution [if present]

CO Fick [otherwise]
 

=  
 

[otherwise] 

L/min 

CI 
CO
BSA

=  L/min/m2 

SBF 
2

2 2

 
0.136 ( ) [ / ]

O Consumption
SaO SvO Hb g dL

=
× − ×

 L/min 

SBFI 
SBF
BSA

=  L/min/m2 

PBF 
2  

0.136 ( ) [ / ]
O Consumption
PVS PAS Hb g dL

=
× − ×

 L/min 

PBFI 
PBF
BSA

=  L/min/m2 

SVR 

( )SAPm RAPm
SBF

−
= [for shunt patients] 

( )SAPm RAPm
CO
−

= [otherwise] 

mm Hg/(L/min) 

SVRI 

( )SAPm RAPm
SBFI

−
= [for shunt patients] 

( )SAPm RAPm
CI
−

= [otherwise] 

mm Hg/(L/min/m2) 
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TPR 

PAPm
PBF

= [for shunt patients] 

PAPm
CO

= [otherwise] 

mm Hg/(L/min) 

TPRI 

PAPm
PBFI

= [for shunt patients] 

PAPm
CI

= [otherwise] 

mm Hg/(L/min/m2) 

PVR 

( )PAPm PCWPm
PBF
−

= [for shunt patients] 

( )PAPm PCWPm
CO
−

= [otherwise] 

mm Hg/(L/min) 

PVRI 

( )PAPm PCWPm
PBFI
−

= [for shunt patients] 

( )PAPm PCWPm
CI
−

= [otherwise] 

mm Hg/(L/min/m2) 

SV 1000
CO
HR

= ×  mL/beat 

SI 1000
CI
HR

= ×  mL/beat/m2 

Concomitant Medications: 

Drug Class Definition 
Vasodilators ATC Level 2 Classifications: 

 PERIPHERAL VASODILATORS 
 CALCIUM CHANNEL BLOCKERS 
 AGENTS ACTING ON THE RENIN-ANGIOTENSIN SYSTEM   
-or- ATC Level 3 Classifications: 
 VASODILATORS USED IN CARDIAC DISEASES 

-or- ATC Level 4 Classifications: 
 ALPHA – ADRENOCEPTOR BLOCKING AGENTS 
 SELECTIVE BETA-2-ADRENOCEPTOR AGONISTS 

-or- Generic Drug Terms: 
 ADENOSINE 

Calcium Channel 
Blockers 

ATC Level 2 Classifications: 
 CALCIUM CHANNEL BLOCKERS 

Other 
Vasodilators 

Vasodilators not classified as ATC Level 2: 
 CALCIUM CHANNEL BLOCKERS 

Steroids • ATC Level 2 Classifications: 
 CORTICOSTEROIDS, DERMATOLOGICAL PREPARATIONS 
 CORTICOSTEROIDS FOR SYSTEMIC USE 

   -or- ATC Level 4 Classification of CORTICOSTEROIDS 

• Route of Administration not topical (“TOP”) 
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Drug Class Definition 
Diuretics ATC Level 2 Classifications: 

 DIURETICS 
Anticoagulants ATC Level 2 Classifications: 

 ANTITHROMBOTIC AGENTS 
Digoxin ATC Level 4 Classifications: 

 DIGITALIS GLYCOSIDES 
Oxygen Generic Drug Terms: 

 OXYGEN 
Analgesics ATC Level 2 Classifications: 

 ANALGESICS 

8.5 Assessment Windows 

For any data summarized by scheduled visit, visit identifiers will be taken 

directly from the CRF, provided that the actual assessment date falls within a 

predefined assessment window.  In the event that the visit identifier from the 

CRF is not available or cannot be used, scheduled visits will be defined by 

these predefined assessment windows.  If more than one observation per 

patient falls within the same assessment window, then the observation closest 

to the target study day will be used.  If two observations are equally close to 

the target study day, the latest observation will be used.  The scheduled visits, 

as recorded on the CRFs, and the corresponding target days and study day 

intervals are specified in the following tables:  
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Table 8.5.1 

Assessment Windows for Scheduled Visits 

Visit 
Target Study 

Day Study Day Interval 
Labs, ECGs, and Hemodynamics: 
Screening/Baseline 2 Study Day ≤ 2 
Week 12 86 72 ≤ Study Day ≤ 100 
Quality of Life: 
Screening/Baseline 2 Study Day ≤ 2 
Week 6 44 30 ≤ Study Day ≤ 58 
Week 12 86 72 ≤ Study Day ≤ 100 
PHT Signs and Symptoms, Dyspnea-Fatigue, Six-Minute Walk, and Borg 
Dyspnea Score: 
Screening/Baseline 2 Study Day ≤ 2 
Week 1 9 3 ≤ Study Day ≤ 16 
Week 6 44 30 ≤ Study Day ≤ 58 
Week 12 86 72 ≤ Study Day ≤ 100 
Chronic Infusion Site Symptoms: 
Week 1 9 3 ≤ Study Day ≤ 12 
Week 2 16 13 ≤ Study Day ≤ 19 
Week n (for n=3,…,11) (7xn)+2 (7xn)-1 ≤ Study Day ≤ (7xn)+5 
Week 12 86 83 ≤ Study Day ≤ 100 

Note: Study Day = (Assessment Date) - (Randomization Date) + 2 

Vital signs were scheduled to be taken immediately prior to the start of study 

drug infusion, and then at 15 min, 30 min, 1 hour, 2 hours, 4 hours, and 8 

hours after initiation of study drug.  Further assessments were to be taken at 2 

hours and 4 hours after the next two dose increases during the dose-

optimization phase.  Assessment windows for these data will be defined as 

follows: 
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Table 8.5.2 

Assessment Windows for Dose Optimization Vital Sign Measurements 

Assessment 
Target Time* 

(minutes) Time* Interval (minutes) 
Initial Dose: 
Prior to Study Drug 0 -60 ≤ Time ≤ 0 
15 min 15 0 < Time ≤ 20 
30 min 30 20 < Time ≤ 45 
1 hour 60 45 < Time ≤ 90 
2 hours 120 90 < Time ≤ 180 
4 hours 240 180 < Time ≤ 360 
8 hours 480 360 < Time ≤ 600 
First Dose Increase: 
2 hours 120 60 < Time ≤ 180 
4 hours 240 180 < Time ≤ 360 
Second Dose Increase: 
2 hours 120 60 < Time ≤ 180 
4 hours 240 180 < Time ≤ 360 

* Time = (Assessment Date & Time) - (Date & Time of Current Dose) in minutes 

9 DETAILS OF ANALYSES 

All the data collected in the CRF will be listed.  Unless otherwise specified in 

Section 9, listings will be sorted by investigator site number, treatment group, 

patient number, and scheduled assessment (if applicable).  Listings will 

include assessment date, assessment time (if available), and study day.  For 

data collected on a fixed schedule, the assessment identifier (see Section 8.4) 

will also be included on the listing.  Redundant observations within an 

assessment window and observations that do not fall within any predefined 

assessment window (and will, therefore, be excluded from summaries) will 

be flagged in these listings.  Patients who will not be included in the analysis 

population of any corresponding analysis or summary will be flagged. 

In general, the data will be summarized by scheduled assessment (if 

applicable) within each treatment group.  For continuous variables, the 

summary statistics will include the mean, standard deviation, standard error, 

median, lower quartile, upper quartile, minimum, and maximum.  Minimums 
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and maximums will be expressed using the level of precision in which the 

variable was collected.  All other statistics will be rounded, using an 

additional decimal point.  For discrete variables, summaries will include the 

frequency and percent in each category.  Percentages will be rounded to one 

decimal point.  For all inferential analyses and descriptive comparisons, p-

values will be rounded to four decimal points.  Values less than 0.0001 will 

be denoted as “<.0001”, and values greater than 0.9999 will be denoted as 

“>.9999”.  Whenever practical, categories of discrete variables will be 

ordered and labeled as they appear in the CRF, and all categories represented 

on the CRF will be included in summaries, even when they do not apply to 

any patients in the study. 

9.1 Study Population 

All study population analyses will only be performed on the “mITT” 

populations (see Section 6) for the individual studies.  For the purposes of 

describing the random imbalance between the treatment groups, p-values 

from Fisher’s Exact Test (for discrete variables) or Wilcoxon Rank Sum Test 

(for continuous variables) will be included on summaries, but are not 

intended to be used to test formal hypotheses.  For these comparisons, 

missing or unknown values will be excluded from the calculations. 

9.1.1 Patient Accountability 

1. Listing of All Patients 

2. Listing of Patient Accountability 

3. Summary of Patient Accountability 

4. Listing of Analysis Population Information 

5. Summary of Analysis Population Information 

6. Listing of Randomization Information 

7. Summary of Randomization Information 

8. Listing of Patient Completion/Discontinuation Information 

9. Summary of Patient Completion/Discontinuation Information 
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A listing of all patients included in the report, sorted by patient number, will 

be provided as an aid to the reviewer. This listing will include investigator 

site number and treatment group. 

The listing of patient accountability will include date of randomization, 

whether the patient received study drug, dates and times of first dose and 

final dose of study drug (as calculated from the infusion record), date patient 

completed or discontinued from study, and manner of normal completion or 

reason for premature discontinuation.  Whether patients received study drug, 

whether patients completed the Week 1, Week 6 and Week 12 assessment, 

and normal completion versus premature discontinuation status will be 

summarized.  The summary will include p-values (two-sided) from Fisher’s 

Exact Test comparing treatment groups. 

Information regarding whether each patient is included in each analysis 

population (see Section 6) will be listed.  If a patient is not included in a 

particular analysis population, the reason for exclusion will be noted on the 

listing.  Also noted on the listing will be any modifications applicable to the 

patient for each population (e.g., randomized vs. actual treatment groups, 

treatment cross-over dates, etc.).  The summary will include the frequency 

and percentage of all patients randomized into each treatment group included 

in each analysis population.  The summary will include p-values (two-sided) 

from Fisher’s Exact Test comparing treatment groups. 

All information used in the random assignment of patients to treatment group 

(from the central randomization database) will be listed, including date of 

randomization, treatment numbers, etiology of disease, exercise category at 

baseline, and vasodilator use at baseline (“yes” vs. “no”).  For observations 

where any stratification information has been corrected, both the original and 

corrected information will be listed.  Etiology of disease, exercise category at 

baseline, and vasodilator use at baseline will be summarized.  The summary 

will include p-values (two-sided) from Fisher’s Exact Test comparing 

treatment groups. 

All completion or discontinuation information will be listed, including date of 

patient completed or discontinued from study, manner of normal completion 
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or reason for premature discontinuation, whether the patient died during the 

study, the date and cause of death (if any), whether the patient received a 

transplant during the study, the date and type of transplant (if any), whether 

the patient will enter a continuation study, and whether the clinical care team 

remained blinded during the study.  Manner of normal completion or reason 

for premature discontinuation, whether the patient died during the study, 

whether the patient received a transplant during the study, whether the patient 

will enter a continuation study, and whether the clinical care team remained 

blinded during the study will be summarized.  The summary will include p-

values (two-sided) from Fisher’s Exact Test comparing treatment groups. 

Further analyses on premature discontinuations, deaths and transplantations 

are described in Section 9.2.2.3. 

9.1.2 Protocol Deviations 

1. Listing of Exceptions to Inclusion and Exclusion Criteria 

2. Summary of Exceptions to Inclusion and Exclusion Criteria 

3. Listing of Major Protocol Violations 

4. Summary of Major Protocol Violations 

Patients whose inclusion or exclusion criteria were either not all met or not 

all answered will be listed, along with a list of each criterion that is not met or 

answered.  If a sufficient number of such exceptions occur, then the 

compliance to each criterion will be summarized.  The summary will include 

p-values (two-sided) from Fisher’s Exact Test comparing treatment groups. 

Each major protocol violation will be listed for all patients.  A major protocol 

violation is defined as: 

1) Receiving the wrong study drug (i.e., study drug to which patient was not 

randomized) for any part of the treatment period 

2) Crossing over to the alternative study drug during the treatment period 

3) Violation of inclusion criteria 3 and 6 (values on p. 14 of the CRF will be 

used to verify; PCWPm will not be used as the basis for violation) 
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4) Violations of exclusion criteria 7, 9, 10, 11, and 12 

5) Use of any prostaglandins or their analogues for the treatment of 

pulmonary hypertension (as collected on the “Concomitant PHT 

Medications” pages [pp. 50.*] of the CRF) within seven days prior to the 

Week 12 exercise test. 

6) Chronic concomitant use (use during at least 5 consecutive days during 

dosing period) of intravenous or inhaled medications to treat pulmonary 

hypertension (as collected on the “Concomitant PHT Medications” pages 

[pp. 50.*] of the CRF) 

7) Other protocol violations may be considered on an individual patient 

basis prior to unblinding 

If a sufficient number of such violations occur, the frequency and percentage 

of all patients in each treatment group with a major protocol violation, and 

the number of patients with each category of violation listed above will be 

presented.  This summary will include p-values (two-sided) from Fisher’s 

Exact Test comparing treatment groups. 

9.1.3 Other Descriptions of Study Population 

9.1.3.1 Demographics and PHT History 

1. Listing of Demographic Data 

2. Summary of Demographic Data 

3. Listing of PHT History 

4. Summary of PHT History 

All demographic data will be listed for all patients, including date of birth, 

age at randomization, race, sex, and childbearing potential (females only).  

Age, age category (<16, 16 - 64, and >64 years), race, and sex will be 

summarized.  Childbearing potential will be summarized for all females.  The 

summary will include p-values (two-sided) from Fisher’s Exact Test (for 
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race, sex, and childbearing potential) or Wilcoxon Rank Sum Test (for age) 

comparing treatment groups. 

Information regarding patients’ PHT history will be listed, including date of 

initial PHT diagnosis, months since PHT diagnosis relative to date of 

randomization, current PHT diagnosis, current PHT NYHA class, and length 

of time (in months) at this classification.  Current PHT diagnosis and current 

PHT NYHA class will be summarized.  The summary will include p-values 

(two-sided) from Fisher’s Exact Test comparing treatment groups. 

9.1.3.2 Medical History 

1. Listing of Medical History 

2. Summary of Medical History 

All medical history conditions that were experienced either in the past or 

present at screen, or for which no answer was given, will be listed for all 

patients, along with any comments describing them.  If a patient had no such 

conditions, this will be indicated on the listing.  The summary will include 

frequency and percentage of patients in each treatment group experiencing 

each of the 16 predefined conditions in the past and the frequency and 

percentage of patients in each treatment group for whom each condition is 

present at screen.  The summary will include p-values (two-sided) from 

Fisher’s Exact Test comparing treatment groups. 

9.1.3.3 Complications of PHT 

1. Listing of Complications of PHT 

2. Summary of Complications of PHT 

All complications of PHT that were experienced either in the past or present 

at screen, or for which the status was unknown, will be listed for all patients. 

If a patient had no such complications, this will be indicated on the listing.  

The summary will include frequency and percentage of patients in each 

treatment group experiencing each of the 45 predefined complications in the 

past and the frequency and percentage of patients in each treatment group for 
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whom each complication is present at screen.  The summary will include p-

values (two-sided) from Fisher’s Exact Test comparing treatment groups. 

9.1.3.4 Physical Examinations and Baseline Vital Signs 

1. Listing of Physical Examinations 

2. Summary of Physical Examinations 

3. Listing of Baseline Vital Signs 

4. Summary of Baseline Vital Signs 

The region/body system of all physical examination abnormalities, or 

regions/body systems for which an assessment was not available, will be 

listed for all patients, along with any comments on the abnormalities.  If a 

patient had no such complications, this will be indicated on the listing.  The 

summary will include frequency and percentage of patients in each treatment 

group with abnormalities present in each of the 13-regions/body systems.  

The summary will include p-values (two-sided) from Fisher’s Exact Test 

comparing treatment groups. 

The listing of baseline vital signs will include assessment date, study day, 

weight (kg), height (cm), BSA (m2), body temperature (in °C), pulse 

(beats/min), systolic and diastolic blood pressure (mm Hg), and respiration 

rate (breaths/min).  Weight, height, BSA, body temperature, pulse, systolic 

and diastolic blood pressure, and respiration rate will be summarized 

numerically.  The summary will include p-values (two-sided) from Wilcoxon 

Rank Sum Test comparing treatment groups. 

9.1.3.5 Concomitant Therapy 

9.1.3.5.1 Concomitant Medications 

1. Listing of the Correspondence between Therapeutic Classes and Generic 

Drug Terms for All Concomitant Medications 

2. Listing of Concomitant PHT Medications 

3. Summary of Concomitant PHT Medications by Generic Drug Term 

4. Summary of Concomitant PHT Medications by Therapeutic Class 
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5. Listing of Subcutaneous Infusion Site Concomitant Medications 

6. Summary of Subcutaneous Infusion Site Concomitant Medications by 

Generic Drug Term 

7. Summary of Subcutaneous Infusion Site Concomitant Medications by 

Therapeutic Class 

8. Listing of Other Concomitant Medications 

9. Summary of Other Concomitant Medications by Generic Drug Term 

10. Summary of Other Concomitant Medications by Therapeutic Class 

All medications specified on the CRF will be mapped to a generic drug term 

using a medication dictionary provided by the CRO providing data 

management services for these studies.  Each generic term will then be 

mapped to the appropriate ATC code(s), which hierarchically characterize the 

drug’s therapeutic class, based on a WHO classification system.  For each 

type of concomitant medication (“PHT”, “Subcutaneous Infusion Site”, and 

“Other”), all unique ATC Level 2 or 3 Classifications will be listed, along 

with all corresponding unique generic drug terms. 

The generic name and raw text of all concomitant PHT medications will be 

listed for all patients.  This listing will include the total daily dose, units, 

route, date started (or indication that drug was ongoing at start of study), date 

discontinued (or indication that drug was ongoing at end of study), reason for 

the change, and whether the medication was taken to treat an AE.  If a patient 

received no PHT medications, this will be indicated on the listing.  One 

summary will include the frequency and percentage of patients in each 

treatment group receiving each drug (by generic term).  Another summary 

will include the frequency and percentage of patients in each treatment group 

receiving one or more drugs from each unique therapeutic class (ATC Level 

2 or 3 Classification).  The summaries will include p-values (two-sided) from 

Fisher’s Exact Test comparing treatment groups. 

The generic name and raw text of all subcutaneous infusion site concomitant 

medications will be listed for all patients.  This listing will include the dose, 

units, route, frequency, date started, date discontinued (or indication that drug 

was ongoing at end of study), and overall change in severity of symptoms at 

the infusion site after adding this medication.  If a patient received no such 
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medications, this will be indicated on the listing.  One summary will include 

the frequency and percentage of patients in each treatment group receiving 

each drug (by generic term).  Another summary will include the frequency 

and percentage of patients in each treatment group receiving one or more 

drugs from each unique therapeutic class (ATC Level 2 or 3 Classification).  

The summaries will include p-values (two-sided) from Fisher’s Exact Test 

comparing treatment groups. 

The generic name and raw text of all other concomitant medications will be 

listed for all patients.  This listing will include the date drug was first taken 

during study, and whether the medication was taken to treat an AE.  If a 

patient received no such medications, this will be indicated on the listing.  

One summary will include the frequency and percentage of patients in each 

treatment group receiving each drug (by generic term).  Another summary 

will include the frequency and percentage of patients in each treatment group 

receiving one or more drugs from each unique therapeutic class (ATC Level 

2 or 3 Classification).  The summaries will include p-values (two-sided) from 

Fisher’s Exact Test comparing treatment groups. 

9.1.3.5.2 Concomitant Procedures 

1. Listing of Concomitant Procedures 

2. Summary of Concomitant Procedures 

All concomitant procedures will be listed for all patients.  This listing will 

include the date of the procedure, reason for the procedure, and whether the 

procedure was used to treat an AE.  If a patient received no such procedures, 

this will be indicated on the listing.  The summary will include the frequency 

and percentage of patients in each treatment group undergoing one or more 

concomitant procedures during the study, and the frequency and percentage 

of patients in each treatment group undergoing one or more procedures to 

treat an AE.  The summary will include p-values (two-sided) from Fisher’s 

Exact Test comparing treatment groups. 
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9.2 Efficacy Analyses 

Except where otherwise noted, all efficacy analyses will only be performed 

on the “mITT” populations (see Section 6) for the individual studies.  If it is 

decided that the primary analysis is significant only for the pooled studies 

(see Section 8.1), then various analyses on principal reinforcing and 

secondary endpoints may also be performed on the “Pooled mITT” 

population.  If it is decided that the primary analysis is significant only for the 

subset of patients with PPH from the pooled studies (see Section 8.1), then 

various analyses on primary reinforcing and secondary endpoints may also be 

performed on the “Pooled mITT PPH” population. 

9.2.1 Primary Efficacy Endpoint: Exercise Capacity 

1. Listing of Six-Minute Walk Exercise Test Data 

2. Summary of Six-Minute Walk Distance over Time 

3. Summary of Six-Minute Walk Changes from Baseline at Week 12 by Sex 

4. Summary of Six-Minute Walk Changes from Baseline at Week 12 by 

Race 

5. Summary of Six-Minute Walk Changes from Baseline at Week 12 by 

Age 

6. Summary of Six-Minute Walk Changes from Baseline at Week 12 by 

Baseline Exercise 

7. Summary of Six-Minute Walk Changes from Baseline at Week 12 by 

NYHA Class 

8. Summary of Six-Minute Walk Changes from Baseline at Week 12 by 

Etiology of PHT 

9. Summary of the Comparison of Six-Minute Walk Distances at Week 12 

10. Summary of the Effect of Various Additional Covariates on the 

Comparison of Six-Minute Walk Distances at Week 12 

11. Summary of the Comparison of Six-Minute Walk Distances at Week 12, 

Censored at the Time of Premature Discontinuation 

12. Summary of the Comparison of Six-Minute Walk Distances at Week 12, 

Ignoring Center 
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13. Summary of the Comparison of Six-Minute Walk Distances at Week 12, 

Treating Chronic Use of New Concomitant PHT Medication as a 

Treatment Failure 

14. Summary of the Comparison of Six-Minute Walk Distances at Week 12, 

Treating Concomitant Steroid Use as a Covariate 

15. Summary of the Comparison of Six-Minute Walk Distances at Week 1 

16. Summary of the Comparison of Six-Minute Walk Distances at Week 6 

All six-minute walk exercise test data will be listed for all patients.  For each 

patient, this listing will include the etiology of PHT (both original and 

corrected if it has been corrected since randomization), baseline exercise 

category (both original and corrected if it has been corrected since 

randomization), baseline vasodilator use (both original and corrected if it has 

been corrected since randomization), steroid use to treat PHT at baseline.  

Subjects not included in the “Per-Protocol” population will be flagged.  For 

each assessment, the listing will include whether the patient attempted the 

exercise test, reason for not attempting test (if any), total distance walked (in 

meters), time started, time stopped, duration of test, whether patient walked 

the entire six minutes, and reason for shortened walk duration (if any).  

Distances that will be excluded from any of the analyses (for reasons 

described in Section 6 and Section 8.3) will be flagged. 

The six-minute walk distances at baseline, Week 1, Week 6, and Week 12, 

and the changes from baseline at Week 1, Week 6, and Week 12 will be 

summarized for the individual and pooled “mITT” populations, and the 

pooled “mITT PPH” population.  Baseline values will be compared using 

Wilcoxon Rank Sum Test, and the resulting two-sided p-values will be 

displayed on the summary.  The changes from baseline at Week 12 will also 

be summarized by sex (“Male” and “Female”), race (“Caucasian”, “Black”, 

and “Other), age (<16, 16 – 64, and >64 years), baseline exercise (as used for 

randomization), NYHA Class (“II”, “III”, and “IV”), and etiology of PAH 

(“PPH” and “Other”).  Missing values will be ignored for these descriptions. 

Six-minute walk distances at Week 12 will be compared between treatment 

groups using nonparametric analysis of covariance within the framework of 

the extended Cochran-Mantel-Haenszel test1,2,3.  A Cochran-Mantel Haenszel 
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mean score statistic will be used on the standardized mid-ranks (i.e., overall 

rank divided by the number of ranks + 1, or “modified ridit” scores) of the 

residuals from an ordinary least squares regression.  This methodology will 

be carried out as follows: 

1) An ordinary least squares regression will be fit to the protocol observed 

values of distance walked at Week 1, Week 6, and Week 12, as a function 

of distance walked at baseline, center, vasodilator use at baseline, 

etiology of pulmonary hypertension, and use of steroid therapy to treat 

PHT at baseline (see Section 8.2 for a detailed discussion of the 

covariates). 

2) Standardized mid-ranks (or “modified ridit” scores) of the standardized 

residuals from this regression will be calculated. 

3) As specified in Section 8.3, the standardized mid-rank from the last 

observation will be carried forward for missing values at Week 12, and 

failures at Week 12 will be assigned standardized mid-ranks of zero. 

4) Standardized mid-ranks will be re-calculated. 

5) A Cochran-Mantel Haenszel mean score statistic and p-value will be 

calculated, using the NOPRINT, CMH2 and SCORES=TABLE options 

of the TABLES statement of the FREQ procedure of SAS, comparing the 

Week 12 standardized mid-ranks between the treatment groups, adjusting 

for the stratification groupings that were used at randomization.  The 

actual stratification used to randomize the patient will be used for the 

“pITT” population, and stratification based on corrected information will 

be used for the “mITT” and “Per-Protocol” populations. 

A comparison between treatment groups of six-minute walk distances at 

Week 12 for the “mITT” population, using this nonparametric approach, is 

the primary analysis for these studies.  See Section 8.1 for a discussion of 

how the results from the individual and combined studies will be evaluated. 

The results of the nonparametric approach will be presented for the individual 

and pooled “mITT”, “pITT”, and “Per-Protocol” populations, and the pooled 
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“mITT PPH”, “pITT PPH”, and “Per-Protocol PPH” populations.  This 

summary will include the sample size, median, quartiles, minimum, and 

maximum distance walked within each population and treatment group, 

where failures at Week 12 will be assigned values of zero and the last 

observation will be carried forward for missing or censored values (see 

Section 8.3 for handling of missing data).  The summary will also include the 

two-sided p-value from the treatment comparison within each population. 

As a secondary (confirmatory) approach, six-minute walk distances at Week 

12 (see Section 8.3 for handling of missing data) will be compared between 

treatment groups using parametric ANCOVA, adjusting for distance walked 

at baseline, center, vasodilator use at baseline, etiology of pulmonary 

hypertension, and use of steroid therapies at baseline (see Section 8.2 for a 

detailed discussion of the covariates).  Further models will be fit, including 

each treatment by covariate interaction term (one at a time), to examine 

whether treatment effect is related to any of the covariates. 

Model estimates associated with the treatment effect from the parametric 

ANCOVA models without treatment interaction terms will be presented for 

the individual and pooled “mITT”, “pITT”, and “Per-Protocol” populations, 

and the pooled “mITT PPH”, “pITT PPH”, and “Per-Protocol PPH” 

populations.  This summary will include the standard error and p-value (Type 

III, two-sided) for the treatment term.  The p-values (Type III, two-sided) 

from the overall tests of each interaction term will be presented, along with 

their associated degrees of freedom.  The model estimates for treatment 

effects, their standard errors, and their p-values (Type III, two-sided) will be 

presented within subgroups corresponding to each interaction term with an 

overall p-value of less than 0.1000. 

In order to explore the effects of various other covariates on the treatment 

comparisons, parametric ANCOVA models may be fit including sex, race, 

age, baseline hemodynamics, NYHA Class, specific etiology, groupings of 

geographic regions, and chronic concomitant use (use of drug at least 75% of 

the time during the dosing period) of vasodilators, anticoagulants, diuretics, 

and digoxin to treat pulmonary hypertension (as collected on the 

“Concomitant PHT Medications” pages [pp. 50.*] of the CRF), and chronic 
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concomitant use of analgesics (as collected on any of the concomitant 

medication pages [pp. 50.*, 51.*, 52.*] of the CRF; see Section 8.4 for 

definitions of these classes) as further covariates.  Each covariate will be 

individually added to the original model, both with and without a treatment 

interaction term.  Model estimates for each model will be presented, along 

with their standard errors and p-values (Type III, two-sided). 

To support the robustness of the primary analysis (provided that the primary 

analysis yields significant results), the above nonparametric and parametric 

analyses will be repeated for the individual and pooled “mITT” populations 

and the pooled “mITT PPH” population using each of the following 

modifications: 

1) Six-minute walk distances will be censored at the time of study 

discontinuation for any reason (by not having data after discontinuation 

included in the analysis).  The last standardized rank before 

discontinuation will be carried forward for nonparametric analyses and 

the last observation before discontinuation will be carried forward for 

parametric analyses. 

2) Center will not be included as a covariate. 

3) Patients who begin prolonged treatment (for at least 10 days during the 

dosing period) with new classes of pulmonary hypertension medications 

(relevant classes are “Vasodilators”, “Diuretics”, “Digoxin”, and 

“Oxygen”; see Section 8.4 for definitions of these classes based on 

medications listed on the “Concomitant PHT Medications” pages [pp. 

50.*] of the CRF) during the study will be considered treatment failures.  

In addition, patients who begin rescue therapy with intravenous inotropes 

(e.g., dobutamine or dopamine) will be considered treatment failures.  

Therefore, the lowest standardized rank will be used for nonparametric 

analyses and a walk distance of zero will be used for parametric analyses.  

This analysis is considered to be favorable to study drug. 

4) Chronic use (use for at least 75% of the time during the dosing period) of 

oral (or other non-topical) steroid therapies (see Section 8.4 for 
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definitions of relevant steroid therapies, based on medications listed on 

the ”Concomitant PHT Medications” or “Subcutaneous Infusion Site 

Concomitant Medications” pages [pp. 50.*, 51.*] of the CRF) during the 

12-week treatment period will be treated as a dichotomous covariate. 

5) Only data through the Week 1 exercise test assessment will be used. 

6) Only data through the Week 6 exercise test assessment will be used. 

As a possible further approach to examine how the primary efficacy endpoint 

results are influenced by patients for whom the use of steroids or vasodilators 

changes during the study, analyses may be applied with assigned rankings 

that account for steroid or vasodilator use changes, and these ranks may be 

compared between treatment groups using nonparametric ANCOVA. 

9.2.2 Principal Reinforcing Endpoints 

9.2.2.1 Signs and Symptoms of PHT 

1. Listing of Signs and Symptoms of PHT 

2. Summary of Signs and Symptoms of PHT over Time 

3. Summary of Changes from Baseline in Signs and Symptoms of PHT 

All assessments of signs and symptoms of PHT will be listed for all patients.  

This listing will include whether each sign or symptom was “absent”, 

“present” or “unknown” during the assessment, and all relevant details 

collected for the particular sign or symptom.  The status of each sign and 

symptom (“absent”, “present” or “unknown”) at each scheduled assessment 

will be summarized.  For the signs and symptoms for which additional details 

are collected, the details will be categorically summarized for patients for 

whom the sign or symptom was present.  The presence of each sign and 

symptom at baseline will be compared between treatment groups using 

Fisher’s Exact Test, and the resulting two-sided p-values will be included on 

the summary.  Observations for which a sign or symptom’s status is unknown 

will be excluded from this comparison. 
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In order to assess overall change from baseline in the signs and symptoms of 

PHT, for each post-baseline assessment, a “1” will be assigned for each sign 

and symptom that is “present” at the assessment and was “absent” at baseline, 

a “-1” will be assigned for each sign and symptom that is “absent” at the 

assessment and was “present” at baseline, and a “0” will be assigned 

otherwise.   An overall change score at each post-baseline assessment will 

then be calculated by summing these values over all signs and symptoms.  A 

change score will not be calculated if fewer than 8 of the 16 signs and 

symptoms were evaluated at a given assessment.  These overall changes 

scores at Weeks 1, 6, and 12 will be summarized numerically.  The overall 

change scores will be compared between treatment groups using Wilcoxon 

Rank Sum Test.  The resulting two-sided p-values will be displayed on the 

summary. 

9.2.2.2 Dyspnea-Fatigue Index 

1. Listing of Dyspnea-Fatigue Index 

2. Summary of Dyspnea-Fatigue Index 

3. Summary of Change from Baseline in Dyspnea-Fatigue Index 

The Dyspnea-Fatigue Index is comprised of three components, each with a 

scale of 0 to 4.  It is calculated as the sum of these components, and ranges 

from 0 (for the worst condition) to 12 (for the best condition). 

The Dyspnea-Fatigue Indices at all assessments will be listed for all patients, 

along with the individual “Magnitude of task”, “Magnitude of pace”, and 

“Functional impairment” component scores.  For each post-baseline 

assessment, the change from baseline in Dyspnea-Fatigue Index will also be 

included on the listing.  The Dyspnea-Fatigue Indices at baseline, Week 1, 

Week 6, and Week 12, and the changes from baseline at Week 1, Week 6, 

and Week 12 will be summarized numerically.  The summary of the raw 

values will include a categorical summary of each of the three components of 

the Dyspnea-Fatigue Index at each time point.  Baseline values will be 

compared using Wilcoxon Rank Sum Test, and the resulting two-sided p-

values will be displayed on the summary.  The changes from baseline will be 
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compared between treatment groups using Wilcoxon Rank Sum Test.  The 

resulting two-sided p-values will be displayed on the summary of changes 

from baseline. 

9.2.2.3 Mortality, Transplantation, and Discontinuation of Study Drug 

1. Listing of Deaths, Transplantations, and Discontinuation of Study Drug 

Due to Clinical Deterioration 

2. Summary of Mortality, Transplantation, and Discontinuation of Study 

Drug Due to Clinical Deterioration 

3. Plot of the Kaplan-Meier Estimates of the Time to Death, 

Transplantation, or Discontinuation of Study Drug due to Clinical 

Deterioration 

4. Plot of the Kaplan-Meier Estimates of the Time to Death or 

Discontinuation of Study Drug due to Clinical Deterioration Censored at 

the Time of Transplantation or Premature Discontinuation 

Occurrence of death, transplantation, and study drug discontinuation due to 

clinical deterioration during 12-week study period will be listed for all 

patients, along with the date and study day of each such event.  If a patient 

received study drug for the entire 12-week study period, this will be indicated 

on the listing.  If a patient prematurely discontinued from the study due to 

withdrawal of consent, protocol violation, loss to follow-up, or an AE, then 

the date of discontinuation and reason for discontinuation will be included on 

the listing. 

Occurrence of mortality, mortality or transplantation, and mortality, 

transplantation or discontinuation of study drug due to clinical deterioration 

will be summarized.  This summary will include odds-ratios and differences 

in rates between the treatment groups for each of these events, along with 

95% confidence intervals on each. 

The time (in days) from randomization to death, transplantation, or 

discontinuation of study drug due to clinical deterioration will be calculated.  

If a patient prematurely discontinues from the study due to withdrawal of 

consent, protocol violation, loss to follow-up, or an AE, then this time will be 
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censored at the time of discontinuation from the study, unless a death is 

reported before Week 12.  Patients receiving study drug for the full 12-week 

study period will be censored at 12 weeks.  Kaplan-Meier estimates will then 

be calculated, and displayed graphically.  The two-sided p-value from a 

Wilcoxon Rank Scores Test comparing treatment groups will be displayed on 

the plot.  This analysis will be repeated, censoring the time to death or 

discontinuation of study drug due to clinical deterioration at the time of 

transplantation or premature discontinuation from the study, regardless of 

whether the patient subsequently dies before Week 12. 

 

9.2.3 Secondary Efficacy Endpoints 

9.2.3.1 Borg Dyspnea Score 

4. Listing of Borg Dyspnea Score 

5. Summary of Borg Dyspnea Score 

6. Summary of Change from Baseline in Borg Dyspnea Score 

The Borg Dyspnea Score at all assessments will be listed for all patients.  For 

each post-baseline assessment, the change from baseline in Borg Dyspnea 

Score will also be included on the listing.  The Borg Dyspnea Score at 

baseline, Week 1, Week 6, and Week 12, and the changes from baseline at 

Week 1, Week 6, and Week 12 will be summarized.  Baseline values will be 

compared using Wilcoxon Rank Sum Test, and the resulting two-sided p-

values will be displayed on the summary.  The changes from baseline will be 

compared between treatment groups using Wilcoxon Rank Sum Test.  The 

resulting two-sided p-values will be displayed on the summary of changes 

from baseline. 

9.2.3.2 Hemodynamics and Oxygen Saturation 

1. Listing of Hemodynamic and Oxygen Saturation Measurements 

2. Summary of Hemodynamic and Oxygen Saturation Measurements 
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3. Summary of Changes from Baseline in Hemodynamic and Oxygen 

Saturation Measurements 

The following hemodynamic and oxygen saturation measurements were 

collected (or can be derived) at baseline and Week 12: 

Parameter  Abbrev Units 
Heart Rate HR beats/bin 
Respiration Rate (none) breaths/min 
Temperature* (none) °F 
Systemic Arterial Pressure – systolic SAPs mm Hg 
Systemic Arterial Pressure – diastoloic SAPd mm Hg 
Systemic Arterial Pressure – mean SAPm mm Hg 
Pulmonary Arterial Pressure – systolic PAPs mm Hg 
Pulmonary Arterial Pressure – diastolic PAPd mm Hg 
Pulmonary Arterial Pressure – mean PAPm mm Hg 
Right Atrial Pressure RAPm mm Hg 
Pulmonary Capillary Wedge Pressure PCWPm mm Hg 
Transcutaneous Oxygen Saturation 
(or Arterial Saturation) 

TcO2 
SaO2 % 

Mixed Venous Saturation SvO2 % 
Cardiac Output (Thermodilution) 
-or- 
Cardiac Output (Fick)** 

CO 
L/min 

FiO2 
-or- 
Oxygen Delivery Rate*** 

FiO2 
 
O2 

% 
 
L/min 

Pulmonary Arterial Saturation**** PAS % 
Pulmonary Venous Saturation**** PVS % 
Measured Oxygen Consumption**** (none) mL/min 
Cardiac Index* CI L/min/m2 
Stroke Volume* SV mL/beat 
Stroke Index* SI mL/beat/m2 
Systemic Vascular Resistance * SVR mm Hg/(L/min) 
Systemic Vascular Resistance Index* SVRI mm Hg/(L/min/m2) 
Total Pulmonary Resistance * TPR mm Hg/(L/min) 
Total Pulmonary Resistance Index* TPRI mm Hg/(L/min/m2) 
Pulmonary Vascular Resistance * PVR mm Hg/(L/min) 
Pulmonary Vascular Resistance Index* PVRI mm Hg/(L/min/m2) 

* see Section 8.4 for derivation 
** Fick required for shunt patients 
*** collected for patients receiving oxygen at time of catheterization 
**** collected for patients with unrepaired congenital systemic-to-pulmonary shunt or 

atrial septostomy  
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Once the appropriate derivations and unit conversions have been done, all of 

the above information will be listed for all patients and assessments.  The 

listing will include whether patients were receiving oxygen at the time of 

catheterization, and whether patients had an unrepaired congenital systemic-

to-pulmonary shunt or atrial septostomy. 

Values of all parameters at baseline and Week 12, and their corresponding 

changes from baseline at Week 12 will be summarized.  Changes from 

baseline in HR, RAPm, CI, PAPm, PVRI, SAPm, SVRI, and SvO2 at Week 

12 will be compared between treatment groups using a parametric ANCOVA 

model adjusting for baseline value.  The resulting p-values (Type III, two-

sided) corresponding to treatment effect will be included on the summary of 

changes from baseline.  Model estimates associated with the treatment effect 

from the parametric ANCOVA models without treatment interaction terms 

will be presented, along with the standard error and p-value (Type III, two-

sided). 

9.3 Quality of Life Analyses 

1. Listing of Quality of Life Data 

2. Summary of Quality of Life 

3. Summary of Changes from Baseline in Quality of Life 

Patients’ quality of life will be assessed at baseline, Week 6, and Week 12 

using the 21-question “Living with Right Heart Failure” questionnaire.  Each 

response corresponds to a numeric value between 0 and 5.  For each 

assessment, a global quality of life score, physical dimension score, and 

emotional dimension score will be calculated as follows: 

   

To calculate: 
Sum the responses 
to Questions: 

Divide the sum by the 
number of questions 
that were answered, 
and multiply by: 

Global QoL Score  1-21 21 
Physical Dimension Score 2-7, 12, 13 8 
Emotional Dimension Score 17-21 5 

Note: In order to calculate a score, >50% of the questions relating to that score 
must be answered. 
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The response to each question, the physical dimension score, the emotional 

dimension score, and the global quality of life score will be listed for all 

patients and assessments.  The physical dimension score, the emotional 

dimension score, and the global quality of life score at baseline, Week 6, and 

Week 12, and their changes from baseline at Week 6 and Week 12 will be 

summarized.    Baseline values will be compared using Wilcoxon Rank Sum 

Test, and the resulting two-sided p-values will be displayed on the summary.  

The changes from baseline will be compared between treatment groups using 

Wilcoxon Rank Sum Test.  The resulting two-sided p-values will be 

displayed on the summary of changes from baseline. 

9.4 Safety Analyses 

All safety analyses will be performed only on the “Safety” populations (see 

Section 6) for the individual studies.  Safety analyses on pooled data will be 

handled separately in the ISS section of the NDA. 

9.4.1 Extent of Exposure 

1. Listing of the Study Drug Infusion Record for Dose Optimization 

2. Listing of the Outpatient Study Drug Infusion Record 

3. Summary of the Study Drug Infusion Record 

4. Summary of the Changes in Study Drug Dosing 

5. Summary of Study Drug Dosing at Early Discontinuation of Study Drug 

For all patients, each actual dose (ng/kg/min), infusion rate (units/hour), and 

study drug concentration recorded on the dose optimization page of the CRF 

will be listed, along with the date, time, and time (hours) relative to the start 

of infusion that the dose was started and stopped, and any reason codes for 

dose reductions or discontinuations.  Additionally, each new dose, infusion 

rate, and study drug concentration recorded on the outpatient drug infusion 

record will be listed, along with the date, time, and study day that the dose 

was changed, and the reason(s) for the change. 

The initial dose (ng/kg/min) and the doses at the end of Weeks 1 through 12 

will be summarized.  In addition, the number of dosing increases, decreases, 
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and total number dosing of changes per patient during Week 1, Weeks 1-4, 

Weeks 5-8, and Weeks 9-12 will be numerically and categorically 

summarized. 

The duration of dosing (in weeks) and study drug dose (ng/kg/min) at the 

time of discontinuation will be summarized for all patients discontinuing 

study drug before the end of the 12-week dosing period. 

9.4.2 Adverse Events 

1. Listing of the Correspondence of Raw Adverse Event Terms to Preferred 

Terms and Body Systems 

2. Listing of All Adverse Events 

3. Summary of Adverse Events by Seriousness and Causality 

4. Summary of Adverse Events by Intensity and Causality 

5. Summary of Frequently Reported Adverse Events 

6. Summary of Adverse Events by Lowest Dose of Study Drug at Onset 

7. Summary of Dose Limiting Adverse Events by Lowest Dose of Study 

Drug at Onset 

8. Summary of Adverse Events After Discontinuation of Study Drug 

To facilitate summarization, COSTART codes will be used to map raw 

adverse event terms into more general preferred terms and body systems.  

The correspondence between the raw adverse event terms and the COSTART 

preferred terms and body systems will be listed.   

All adverse events will be listed for all patients.  The listing will include the 

date, time and study day of onset and cessation (or an indication that it was 

ongoing at the end of the study), seriousness, intensity, frequency, causality, 

action taken, comment, and the dose of the study drug (ng/kg/min) at the time 

of the start of the adverse event.  If a patient did not experience an adverse 

event during the study, this will be indicated on this listing. 

An adverse event is considered "treatment emergent" if it is not present 

during the screening or baseline phase or increases in either seriousness or 

intensity after the start of the treatment phase.  The maximum seriousness and 
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intensity of each treatment emergent event for each patient will be 

summarized by causality.  Frequently reported adverse events, defined as 

those observed in more than 3% of patients within a treatment group, will be 

summarized separately in order of overall decreasing frequency.  These 

summaries will include one-sided p-values (favoring the placebo group) from 

Fisher’s Exact Test comparing the incidence rates between the treatment 

groups.  Values greater than 0.25 will be denoted as “>.2500”. 

The lowest study drug dose at which each patient experienced each type of 

treatment emergent adverse event and each type of treatment emergent 

adverse event that required a dose decrease or discontinuation will be 

calculated.  These doses will be categorized into discrete intervals (initially 

>0-5, >5-10, >10-20, and >20 ng/kg/min), which may be modified, 

depending on the data.  The frequency and percentage of patients in each 

treatment group experiencing each type of event at each dose category and 

overall will then be presented. 

The frequency and percentage of patients in each treatment group 

experiencing each type of treatment emergent adverse event after 

discontinuation (temporary or permanent) of study drug (but before study 

drug is re-started) within the 12-week treatment period will be presented. 

9.4.3 Deaths 

1. Listing of Deaths 

2. Summary of Mortality 

All patients who died during the study will be listed, along with their date and 

study day of death, cause of death, and study drug dosage at the time of 

death. 

Survival status in all patients and patients discontinuing the study for any 

reason will be summarized.  The summary will include one-sided p-values 

(favoring the placebo group) from Fisher’s Exact Test comparing only the 

overall mortality rates between the treatment groups.  A values greater than 

0.25 will be denoted as “>.2500”. 
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9.4.4 Clinical Laboratory Evaluations 

Blood samples will be taken at baseline and Week 12, and sent to a central 

laboratory for evaluation of clinical chemistry and hematology.  Urine 

samples will also be collected at baseline and Week 12, and sent to a central 

laboratory for urinalysis.  Local labs will be used to evaluate coagulation 

times at baseline and Week 12. 

9.4.4.1 Clinical Chemistry 

1. Listing of Clinical Chemistry Data 

2. Summary of Clinical Chemistry Data 

3. Summary of Clinical Chemistry Changes from Baseline 

4. Summary of Clinical Chemistry Shifts from Baseline 

5. Plot of Clinical Chemistry Shifts from Baseline 

The following clinical chemistry parameters will evaluated by the central 

laboratory: 

Parameter Units 
Sodium mmol/L 
Potassium mmol/L 
Chloride mmol/L 
Bicarbonate mmol/L 
Calcium mg/dL 
Albumin g/dL 
BUN mg/dL 
Total Bilirubin mg/dL 
Alkaline Phosphatase IU/L 
LDH IU/L 
ALT (SGPT) IU/L 
AST (SGOT) IU/L 
Creatinine mg/dL 

Values that are “high” or “low” with respect to the normal range provided by 

the central laboratory will be flagged with an “H” or an “L”.  All parameters 

will be listed for all patients and assessments, along with their respective 

“high/low” flags. 
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Values of these parameters at baseline and Week 12, and their corresponding 

changes from baseline at Week 12 will be summarized.  Changes from 

baseline of these measurements at Week 12 will be compared between 

treatment groups using Wilcoxon Rank Sum Tests, and the resulting one-

sided p-values (favoring the placebo group) will be included on the summary 

of changes from baseline.  Values greater than 0.25 will be denoted as 

“>.2500”. 

For each parameter, the frequency and percentage of patients within each 

treatment group who had “low”, “normal”, or “high” baseline values, then 

subsequently had “low”, “normal”, or “high” Week 12 values will be 

presented in a shift summary.  In addition, baseline values will be plotted 

against Week 12 values for each parameter, separately for each treatment 

group.  These plots will have the central laboratory’s normal range indicated 

on each axis. 

9.4.4.2 Hematology 

1. Listing of Hematology Data 

2. Summary of Hematology Data 

3. Summary of Hematology Changes from Baseline 

4. Summary of Hematology Shifts from Baseline 

5. Plot of Hematology Shifts from Baseline 

The following hematology parameters were evaluated by the central 

laboratory: 

Parameter Units 
RBC Count 1012/L 
Hemoglobin g/dL 
Hematocrit % 
Platelet Count 109/L 
WBC Count 109/L 
Neutrophils % 
Lymphocytes % 
Monocytes % 
Eosinophils % 
Basophils % 
Bands % 
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Values that are “high” or “low” with respect to the normal range provided by 

the central laboratory will be flagged with an “H” or an “L”.  All parameters 

will be listed for all patients and assessments, along with their respective 

“high/low” flags. 

Values of these parameters at baseline and Week 12, and their corresponding 

changes from baseline at Week 12 will be summarized.  Changes from 

baseline of these measurements at Week 12 will be compared between 

treatment groups using Wilcoxon Rank Sum Tests, and the resulting one-

sided p-values (favoring the placebo group) will be included on the summary 

of changes from baseline.  Values greater than 0.25 will be denoted as 

“>.2500”. 

For each parameter, the frequency and percentage of patients within each 

treatment group who had “low”, “normal”, or “high” baseline values, then 

subsequently had “low”, “normal”, or “high” Week 12 values will be 

presented in a shift summary.  In addition, baseline values will be plotted 

against Week 12 values for each parameter, separately for each treatment 

group.  These plots will have the central laboratory’s normal range indicated 

on each axis. 

9.4.4.3 Coagulation Times 

1. Listing of Prothrombin Times 

2. Summary of Prothrombin Times 

Prothrombin times and/or prothrombin INR values will be listed for all 

patients and assessments.  This listing will include the normal range or 

control value for the prothrombin time, whether the results were “normal” or 

“abnormal”, and the comment for abnormal results. 

Prothrombin time and prothrombin INR values at baseline and Week 12, and 

changes from baseline at Week 12 will be summarized.  This summary will 

also include the frequency and percentage of patients in each treatment group 

who had a “normal” result at baseline and an “abnormal” result at Week 12. 
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9.4.4.4 Urinalysis 

1. Listing of Urinalysis Results 

2. Summary of Urinalysis Results 

All urinalysis information will be listed for all patients and assessments.  The 

amount of protein and blood in the urine will be categorically summarized.  

The frequency and percentage of patients in each treatment group who had a 

normal protein or blood screen at baseline and an abnormal result at Week 12 

will be included on the summary. 

9.4.5 Other Safety Measures 

9.4.5.1 12-Lead ECG 

1. Listing of 12-Lead ECG Results 

2. Summary of 12-Lead ECG Results 

All ECG assessments will be listed for all patients.  This listing will include 

the heart rate, QT interval, PR interval, QRS duration, QRS axes, whether 

abnormalities were present, and details and comments on any abnormalities.  

The ECG results (normal vs. abnormalities present) at baseline and Week 12 

will be summarized.  This summary will also include the frequency and 

percentage of patients within each treatment group who had a normal result at 

baseline and abnormalities present at Week 12, and the frequency and 

percentage of patients who had any abnormalities present at baseline and a 

normal result at Week 12.  The frequency and percentage of patients in each 

treatment group who had any specific abnormalities at Week 12 that were not 

present at baseline will also be included on the summary. 

9.4.5.2 Vital Signs (during dose optimization) 

1. Listing of Vital Signs During Dose Optimization 

2. Summary of Vital Signs During Dose Optimization 
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All vital sign assessments collected during dose optimization will be listed 

for all patients.  The listing will include the date, time, and time (in hours) 

relative to the most recent increase in study drug dose of each assessment, 

systolic and diastolic blood pressure, pulse, and respiration rate.  Systolic and 

diastolic blood pressure, pulse, and respiration rate will be summarized for all 

scheduled assessments. 

9.4.5.3 Subcutaneous Infusion Site Symptoms 

1. Listing of Infusion Site Symptoms During Dose Optimization 

2. Listing of Chronic Subcutaneous Infusion Site Symptoms 

3. Summary of Chronic Subcutaneous Infusion Site Symptoms 

All infusion site symptoms documented during dose optimization will be 

listed for all patients.  The listing will include the date, time, and study day of 

each assessment, whether treatment was administered for the symptom, and 

each specific symptom that was present on the day infusion was initiated, and 

then every day post initiation for four days.  Details about each symptom will 

also be included on the listing. 

All weekly assessments of chronic infusion site symptoms will be listed for 

all patients.  The listing will include the intensity and comment for each 

symptom that was experienced.  If a patient had no such symptoms, this will 

be indicated on the listing.  If a treatment was administered for any infusion 

site symptoms, this will be indicated on the listing.  The summary will 

include the frequency and percent of patients in each treatment group 

experiencing each of the four predefined symptoms during each of the 12 

weeks of the dosing period. 

9.4.5.4 Drug Delivery System Complications 

1. Listing of Drug Delivery System Complications 

All drug delivery system complications will be listed for all patients.  The 

listing will include the type of complication, date, time and study day of onset 

and cessation, action taken, and whether the complication resulted in an 
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adverse event.  If a patient had no such complications, this will be indicated 

on the listing. 

9.5 Pharmacokinetic Analyses 

Pharmacokinetic analyses will be described separately. 
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APPENDIX C: Combined Rank Analysis on 6-Minute Walk Distance and Borg Score 
 
Six-minute walk distances and Borg scores at Week 12 were simultaneously compared between 
treatment groups using nonparametric analysis of covariance within the framework of the 
extended Cochran-Mantel-Haenszel test (analogous to the primary analysis methodology). This 
methodology was carried out as follows: 
 
1) Standardized mid-ranks of 6-minute walk distances were calculated: 

i) An ordinary least squares regression was fit to the protocol observed values of 
distance walked at Week 1, Week 6, and Week 12, as a function of distance 
walked at baseline, center, vasodilator use at baseline, etiology of pulmonary 
hypertension. 

ii) Standardized mid-ranks (or “modified ridit” scores) of the standardized residuals 
from this regression were calculated. 

iii) Failures at Week 12 were assigned standardized mid-ranks of zero, and the 
standardized mid-rank from the last observation was carried forward for other 
missing values at Week 12. 

iv)  Standardized mid-ranks were re-calculated. 

2) Standardized mid-ranks of 6-minute walk Borg score changes from baseline were calculated: 

i) Changes from baseline in the protocol observed Borg scores at Week 1, Week 6, 
and Week 12 were calculated. 

ii) Standardized mid-ranks of these changes from baseline were calculated, and the 
resulting ranks were subtracted from one (since negative changes in Borg scores 
are favorable). 

iii) Failures at Week 12 were assigned standardized mid-ranks of zero, and the 
standardized mid-rank from the last observation was carried forward for other 
missing values at Week 12. 

iv)  Standardized mid-ranks were re-calculated. 

3) The standardized mid-ranks for distance and for Borg score were combined by calculating 
their arithmetic average. 

4) Standardized mid-ranks of the resulting mean ranks were calculated. 

5) A Cochran-Mantel Haenszel mean score statistic and p-value were calculated using the 
NOPRINT, CMH2 and SCORES=TABLE options of the TABLES statement of the FREQ 
procedure of SAS, comparing the combined standardized mid-ranks between the treatment 
groups, adjusting for the stratification groupings that were used at randomization (ignoring 
baseline walk category).  These groupings were based on the corrected information as it 
appears in the CRF. 
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Category: 7 Clinical trials  
Format Type: No Preference Continuous Subcutaneous Infusion of Remodulin TM, a Prostacyclin Analogue, in Patients with Pulmonary 
Arteri al Hypertension: Long-Term Outcome Vallerie V. McLaughlin 1, Olivier Sitbon 2, and Shelmer D. Blackburn, Jr. 3 for the Remodulin 
Study Group, 1, Rush-Presbyterian-St. Lukes Medical Center, Chicago, IL; 2, Hopital Antoine-Beclere, Clamart, France; and 3, United 
Therapeutics Corporation, Research Triangle Park, NC.  
631 patients (mean age 45±0.6 years) with pulmonary arterial hypertension (PAH) were enrolled in this ongoing, international, open-label study 
to investigate the long-term benefits of Remodulin, a prostacyclin analogued administered by continuous, subcutaneous delivery. Etiology of 
PAH included primary pulmonary hypertension (59%), connective tissue disease (19%) and congenital heart disease (23%). 
Objectives - To determine the safety of long-term Remodulin use; however, exercise capacity (utilizing the six minute walk test) was also 
captured in those patients who had the test performed as part of their routine clinical follow-up. 
Methods - Patients who were previously enrolled in earlier controlled trials of Remodulin and continued therapy, and newly diagnosed patients 
meeting entry criteria were enrolled. Dosing and adverse experiences were assessed throughout the study. 
Exposure - Six months - 426 (68%) patients; 12 months - 224 (35%) patients; 18 months - 47 (7%) patients; 24 months - 12 (2%) patients.  
Results - Six Minute Walk Test results and long-term dosing are shown below: 
 

Month No. Patients (%enrolled) Dose 
(ng/kg/min) 

Exercise 
(meters) 

Baseline 406 (64) NA 334±4.6 
6 156 (38) 16±0.7 +34±6  
9 112 (34) 19±1.3 +34±8  
12 102 (37) 25±1.7 +33±7  
15 63 (35) 24±2.1 +37±12 
18 46 (43) 31±3.1 +46±13 
21 15 (38) 38±7.1 +55±17 
 
 
The most common drug related adverse events included infusion site pain (83%), infusion site reaction (76%), diarrhea (27%), nausea (20), 
headache (18), infusion site bleed/bruise (15), jaw pain (15) and other pain (12). 
Conclusions - Exercise is improved with long-term administration of Remodulin; this effect appears to be dose related, with chronic doses 
increasing over time. Remodulin is tolerated in most patients; reasons for discontinuations from study included adverse events (15%, mostly 
infusion site pain), clincial deterioration (6%) and death (6%). Infusion site side effects occurred more frequently than systemic, well known 
prostaglandin-type side effects, but were generally tolerated and managed with various therapies. 
 
 


